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ABSTRACT 


Two fundamental design concepts have Been under consider- 
ation for the cavity nuclear rocket reactor One of these is the open- 
fuel-cycle concept, m which the fuel is partially contained m the 
cavity by hydrodynamic forces of the surrounding propellant The other 
is the closed-fuel-cycle concept, m which the fuel is contained by a 
wall transparent to radiation. In the latter concept, the modular 
design of several small cavities with moderator in the interstices 
has been employed. This report describes the results of reactor physics 
measurements on the modular concept, and compares the results with 
previously reported data on the single large cavity design of the open- 
fuel-cycle concept. 
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SUMMARY 


1 0 


Critical experiments have been conducted to measure the 
reactor physics parameters m a modular cavity reactor system Reactors 
containing three modules and seven modules m a core volume of 183 cm 
(6 ft) diameter by 122 cm ft) length were constructed. Each of these 
systems had a 89 cm (3 ft) reflector. Both moderator and reflector were 
heavy water, with 0.25$ H2O impurity All fuel was highly enriched 
uranium (93.2$ U-235) Hie modules consisted of a central cylindrical 
fuel region within a cavity containing simulated hydrogen For the 
seven module core the fuel to cavity radius ratio was varied from 0 38 
to 0.T2, For the three module core only a radius ratio of O.55 was 
studied Hydrogen coolant, simulated by low density polystyrene, sur- 
rounded the fuel on four of the configurations One configuration was 
examined without any hydrogen m its cavities. 

The modular concept places moderator between each fuel cell 
creating a benefit of additional moderation that cannot be obtained m 
the single cavity configurations. However, the nature of the modular 
design makes it extremely difficult to perform nuclear calculations of 
reasonable reliability, unless one has a base experiment with which to 
make a comparison Both three module and seven module configurations 
were measured, the latter with three different fuel radii. The O.55 
fuel to cavity radius ratio was measured both with and without hydrogen 
in the cavity Ho variations were made on the amount of moderation 
between the modules, e.g , by varying module size and spacing 

Measured critical masses varied from 8 to 11 5 kg of 
uranium. These are significantly lower than critical masses obtained 
m the single large cavity system Also, these multiple cavities 
did not exhibit the large percentage increase in critical mass as was 
experienced m large single cavities as the fuel to cavity radius ratio 
became smaller. However, the pressure of the uranium, measured by its 
atom density, is the more fundamental characteristic for the design of 
cavity reactors. The pressure for criticality m the 7-module config- 
uration would be 2/3 to 3/^ the pressure in the nominally "equivalent 
sized" single cavity system. However, this "equivalent" single cavity 
system had 2 l/2 times the hydrogen coolant-propellant volume, and 
hence a higher thrust level capability. 
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2.0 


JUTRODUCTTOIT 


The gas core nuclear rocket has been under investigation for 
over ten years as a propulsion engine for space applications Such an 
engine would have a specific impulse of about 1600 sec, approximately 
four times that obtainable with chemical rockets and twice that obtain- 
able with the solid core nuclear rockets (MERVA) . The fuel is allowed 
to vaporize m the cavity, thus imposing no fuel element temperature 
limitations as exist m the solid core nuclear reactor systems. However, 
the gaseous fuel of the gas core rocket must be at least partially con- 
tained for economic reasons. One cannot afford to allow nuclear fuel 
and propellant to flow with mass rates of the same order of magnitude, 
not only because it would be poor economics but also because the specific 
impulse advantage would be lost. Therefore, some containment of the fuel 
must occur. Two approaches are being investigated. One is the open- 
fuel-cycle, which confines the fuel hydrodynamieally through variable 
flow velocities and directions. The second, commonly referred to as the 
light bulb concept, is the elosed-fuel-cyele which uses a radiation- 
transparent wall to confine the fuel. The open cycle, in order to be 
economically acceptable, should have a propellant-to-fuel mass -flow-rate 
ratio greater than 35 to 1. The closed-fuel-cycle eliminates all fuel 
loss, providing the transparency and integrity of the thin walls can be 
maintained. 


The cavity nuclear reactor concept utilizes an external 
moderator and reflector m order to achieve criticality with the low 
density gaseous fuel, l&ny passes across the fueled region are required 
before a thermal neutron is likely to be absorbed m the fuel. The sur- 
rounding reflector must, therefore, have a long thermal migration length 
so as not to adversely affect the thermal neutron population before they 
are absorbed m the fuel. Under conditions of relatively long absorption 
mean free paths m both the fuel and moderator-reflector, the neutronics 
of the cavity reactor becomes one of geometric competition between the 
fuel volume and moderator volume. The effectiveness of the fuel volume 
can be enhanced by raising its density (reducing its absorption mean 
free path). But eventually increases m density involve diminishing 
returns because the fuel becomes self- shielded. The pressure of the 
fuel gas, however, continues to increase nominally proportional to the 
density, and eventually one may reach such high fuel densities', for 
criticality that pressures are beyond the feasibility of engineering 
construction. 


The alternative to increasing fuel density is to increase 
geometrically the fuel effectiveness with respect to the moderator. 

This can be done by dispersing a number of small fuel- containing modules 
throughout the moderator, rather than to use only a single large cavity. 
This approach involves smaller cavities with smaller fuel volumes m 
each. Oscillations (or waves) m the effective fuel boundary will now 


2 



more significantly affect the fuel to cavity volume ratio and adversely 
affect the stability of the open cycle concept In practice it will 
probably be necessary to provide a "glass” wall containment for a 
modular concept that employs modular cavities much smaller than 30 cm 
radius. Figure 2.1 schematically shows the concept of the two designs 

Thus, the closed-cycle "light bulb 1 ' concept offers two 
principal advantages over the open cycle concept Ihe closed cycle 
does not lose fuel and it allows a design utilizing small modules with 
interstitial moderator However, it does have disadvantages m addi- 
tion to the problem of maintaining the integrity of the transparent 
walls An inert gas (neon)'-' 1 -/ must be circulated around the transparent 
walls of the fuel chambers to keep them cool the continual circulation 
removes some fuel from the core region to the downstream flow plenum. 

This fuel must then be separated from the neon before being recycled 
Also, the fission products are contained m the closed cycle rocket 
system, whereas they are lost in outer space m the open cycle system 

The "glass" wall or "light bulb", closed cycle cavity 
concept has been under investigation at United Aircraft Research labora- 
tories and at the National Aeronautics and Space Administration The 
use of the closed cycle modular concept is discussed m Reference 1, 
and a conceptual design from that reference is shown in Figure 2.2. The 
design shown uses graphite and BeO as the moderator-reflector material, 
primarily for engineering convenience Heavy water is far superior, 
nuclearly, resulting in significantly lower critical masses and hence 
lower operating cavity pressures Heavy water was the reflector- 
moderator used m the critical experiments described m this report 

Criticality calculations on the modular concept are more 
difficult than on the single cavity concept because of lack of symmetry 
m the polar angle direction Single cavity calculations are difficult 
enough (see Reference 5 ) without adding this additional complication 
For this reason, experiments are necessary to provide the base from 
which a workable calculational scheme can be developed This is the 
commonly employed 'benchmark" measurement technique, and is especially 
necessary for the modular cavity reactor concept design considerations 

Critical experiments on the single cavity concept were first 
conducted, about ten years ago at Los Alamos on a small cavity, 40 cm m 
diameter.^/ Since 1 966 , experiments on a 183 cm ( 6 -ft) diameter by 
122 cm (4-ft) long cavity have been conducted m Idaho (2,3^4-) on a yan- 
ety of different configurations These included variations from the 
very basic, simple designs amenable to reactor physics calculations 
to complex designs that incorporate details of engineering construction 
and thermodynamic performance of the operating cavity reactor system! 12 
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This same reflector -moderator tank (366 cm diameter by 305 cm length) 
has been used for the critical experiments described m this report 
on the modular, "light bulb" reactor concept. The cavity (183 cm 
diameter by 122 cm long) of the reflector tank contained the module 
tank, thus making the single cavity and the modular experiment equivalent 
m at least one respect, all had the same "reflector" thickness They 
did, however, differ m "equivalent" core diameters. 

The experiments described m this report had the principal 
purpose of establishing reasonably simple geometric models of the modular 
cavity reactor that could be used as "benchmarks" for design calculations. 
Of secondary interest were measurements of some engineering design effects 
that can not conveniently be included m caleulational models 
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Figure 2.2 Schematic Diagram of Reference Nuclear Light Bulb Engine 
(from Reference 1, United Aircraft report, G-910375-3) 








3.0 


REACTOR DESCRIPTION 


The main reactor tank •was the same as that used for the 
cylindrical cavity critical experiments of the co-axial flow concept 
using a single large cavity. The outside dimensions of the heavy water 
m the tank were 3^3 8 cm in diameter by 300.8 cm long. The structure 
of the tank was aluminum, and included structural supports and stiffeners 
as well as the walls, which were 0.95 to 1 27 cm thick. The details of 
this structure are shown in Figure 3.1? with a two dimensional (cylindrical) 
nuclear model shown m Figure 3.2. As shown on this figure, the internal 
walls of the tank were 1.27 cm thick on the ends and 0 95 cm thick on the 
circumference. The entire reflector consisted of Info tanks that were 
brought together to achieve criticality. Where the tanks met, the heavy 
water was interrupted by the aluminum tank walls, 1 27 cm thick each The 
tanks were not allowed to contact each other, a safety precaution to pre- 
vent flooding of the core m the event that an inner wall should leak. 

The gap was nominally 1.22 cm thick, and all results are quoted with the 
gap. Its worth was nominally 0 58$Ak, and if it is desired to not include 
the gap in a calculational model, this amount of reactivity should be 
added. 


The movable tank was essentially one of the end reflectors. 

It also contained a central hole 30.7 cm m diameter, which was used to 
simulate the effect of an exhaust nozzle. For some of the experiments 
this hole was plugged with a tank of heavy water, referred to as the 
"end plug" or nozzle plug This plug tank had 0.95 cm thick walls 

The fixed reflector tank formed the main body and one end of 
the reflector It was this end that contained the control rods for the 
experiment. The control ms provided hy between 8 and 12 actuators 
driving groups of three boron- carbide control rods with outer diameters 
of 1.9 cm. These slid m aluminum guide tubes Hie net effect of the 
aluminum and the empty tubes ms to add 0.684$ aluminum (by volume) and 
1.0$ void to this region of the reflector. Region $14 of Figure 3.2* 

Inside the single large cavity of the reflector tank ms 
placed the module tank for the particular experiment. The seven-module 
tank had a mass of 216.8 kg, and the three-module tank 180 kg. The radial 
tank walls and module mils, were 0.318 cm (l/ 8 -mch) thick, and the end 
plates were 0.635 (l/4-mch) thick. The dimensions of these tanks are 
shown in Figures 5.1 and 9.1> respectively. It ms difficult to assure 
that the module tank ms completely filled with heavy water, the possi- 
bility existing of the top few millimeters containing void (entrapped 
air). The seven module tank ms f ill ed with 1913 kg of heavy water, and 
the three module tank with 1884 kg Their internal volumes were 1742 liters 
and 1714 liters, respectively, giving an effective heavy water density of 

1.099 gm/ cm3 
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The heavy -water -was nominally at a temperature of 22 °C 
throughout the experiment (±1°C variations) Its density at this temp- 
erature is 1.105 gm/ce. The HpO impurity content was measured once 
during the experiment, and had "been measured a number of times before 
and since these' module experiments. During these experiments the HgO 
content was (0.25 ± 0.02) molecular percent of the total -water. 

Dae fuel used m the experiment was thm sheet metallic 
uranium, nominally 0 0025 cm thick. All masses quoted throughout the 
report are uranium masses only. Ihese sheets also contained impurities 
which were approximately 3 5$ of the uranium mass. The impurities were 
a fluorocarbon coating material and some oxygen from surface oxidation 
(about 1.355 of the total mass was oxygen, 25 5 fluorocarbon). The uran- 
ium material is that usually referred to as "oralloy", with an isotopic 
composition of 

93.255 TJ-235 

1.055 11-234 

0.4?5 TJ-236 

5.4?5 U-238 


Die aluminum used in the reflector tanks was all type 6o6l 
The module tanks were constructed of type 1100-H14 for the curved (radial 
and module) walls and type 5052 for the end walls. Iiote, the 1.27 cm 
thick outside reflector tank walls are not included in the nuclear model 
of Figure 3.2 because of their negligible effect on reactivity 

Details as to the fuel and hydrogen locations within the 
modules will he found in the sections on the individual experimental 
configurations. The hydrogen was simulated with styrofoam, having a 
nominal density of 0.028 gm/cc. In some cases, the hydrogen atom 
density was increased by inserting thm sheets of polyethylene between 
the styrofoam blocks The inner radius of the hydrogen annulus m 
these experiments was not varied, being 0,72 of the cavity radius for 
the seven-module configurations and O.69 for the three-module config- 
urations . 
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4.0 


TEST PROCEDURES 


The principal measurements made on these critical experiments 
were reactivity, power distributions and flux distribution The achieving 
of criticality is considered to be only an intermediate step, and though 
subcritical data can yield information on reactivity, those results are 
usually less reliable than the measurements made from the critical con- 
figuration When feasible, the measurements were made with the control 
rods nearly fully withdrawn so as to limit the amount of perturbation of 
the end reflector flux caused by the control rods. 

Reactivity measurements were made using the delayed neutron 
parameters, either by means of asymptotic positive period measurements 
and the inhour equation or by means of the inverse kinetics method of 
computing reactivity from a flux trace Ease conditions were established 
by measuring the asymptotic period rather than by establishing a level 
power position. The long-lived ( 7 -n) reactions m the D^O created a 
strong enough spurious neutron source that level power conditions were 
always subcritical, and by differing amounts depending on the past oper- 
ating history and hence the strength of the source. Period measurements 
could be made over several decades, thus making possible a reliable extra- 
polation to the asymptotic, no-source value. The relatively small integrated 
power of a period measurement also minimized the spurious ( 7 -n) source 
buildup. The delayed neutron parameters used for this reactor are given 
m Thole 4,1, and include eight groups of neutrons from ( 7 -n) reactions 
in the heavy water The total delayed fraction (one dollar) was 0 76 5 /a* 

All results are reported in $&k instead of dollars and cents. Without 
considering uncertainties m the delayed neutron fraction, most period 
measurements of reactivity have associated with them an uncertainty of 
approximately ±0.0005^1k. Table closure positions were reproducible to 
approximately ±0.02 cm, and control rod positions to ±0.01 cm The 
temperature coefficient of the system was approximately 0 01$dk/c°, but 
the large heat capacity precluded temperature drifts larger than a few 
tenths of a degree during any eight-hour period Measurements of fuel 
worth or other material worths usually required opening the table to 
position the material to be measured into the core. The base measurement 
always included the effect of any structural material needed to secure 
the material being measured. Because such measurements involve not only 
the possibility of disturbing other materials in the reactor, but also 
an opening and closing of the table, a measurement of a reactivity 
difference probably involved a net uncertainty of ±0 001 $Ak 


^Leakage from this reactor gives f = 0 . 985 . This 1 l/2$ correction 

was not included because of the larger uncertainty m the ( 7 -n) contri- 
butions and even m the "value of/S -direct (data of Keepm et al) 
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Power distribution measurements were routinely made using 
aluminum fission-product-catcher foils on cleaned uranium metal sheet. 
Reproducibility of results is better than ±2$, and there is no detectable 
spectral dependence of this technique m the thermal or near thermal 
range. Decay of the foils -was automatically included by counting all 
foils vs a normalizer foil from the same exposure. Absolute power levels 
were determined with a 2H beta counter (3-8 cm radius chamber) precalibrated 
with absolute fission chambers and gold foils. This counter (an MC type 
PC-3) gives 56 fiss/gm of U-235 P er count per minute 50 minutes after shut- 
down from a constant 20 minute exposure. Absolute power levels are believed 
to be accurate to ±3$ standard deviation. 

Thermal fluxes were determined by use of bare and cadmium 
covered gold foils. The gold was nominally 0.0012 cm thick., with an 
effective resonance integral of 680 barns (vs 1555 barns infinitely dilute) 
Tn computing cadmium ratios, each foil was corrected for its effective 
resonance integral (6) by its mass to give the infinitely dilute value. 
Thermal flux perturbation was negligible, nominally 2 $ '* / . The cadmium 
covers employed were 0.05 cm thick, giving an effective cadmium cutoff 
energy of 0.55 ev 

Reference positions have been established for defining 
locations of flux measurements. The longitudinal "0" reference loca- 
tion is at the outside of the end reflector m the control-rod end 
(fixed table) of the reactor. The radial reference position is either 
the axis of the reactor or the axis of the fuel module, and the dis- 
tinction is obvious depending on which portion of the reactor was being 
measured. ’When defining positions within a module, the angular positions 
refer to clockwise rotation from the vertical (12 o’clock) position, 
when viewing the module tank from the movable table Sketches of the 
module tanks are shown looking from the movable table, end-reflector 
tank 
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TABLE 4.1 


Effective Delayed Neutron Parameters 


Group 

Pi 

*i 

1 

0.000210 

0 012400 

2 

0 001410 

0 030500 

3 

0 00127 

0 111000 

4 

0 002550 

0 301000 

5 

0 000740 

1 100000 

6 

0 000270 

3 000000 

7 

0. 000780 

0 277000 

8 

0.000240 

0 016900 

9 

0 000084 

0 004810 

10 

0.000040 

0. 001500 

11 

0.000025 

0 000428 

12 

0 000028 

0 000117 

13 

0 000004 

0 000044 

14 

0 000001 

0 000004 


0 007652 
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5-0 


0 RADIUS RATIO CORE - 7 MODULE 


Hie seven module tank, -which was placed in. the central 
cavity region of the existing cavity reactor, is 3hown m Figure 5 1 
Hie tank walls and module walls were made of 0 3175 cm (l/8 inch) 
thick, type 1100-H14 aluminum Hie end plates were 0 635 cm (l/4 inch) 
thick, type 5052 aluminum She empty tank weighed 2l6 8 kg 

Tn order to measure the flux through the DgO between the 
modules, two aluminum tubes were welded into the tank at the axial 
center of the core between modules 1 and 3 and from module 1 to the 
outer tank wall passing between modules 5 and 6 Foils could then he 
placed m these tubes at desired locations to record flux and power 
distributions 


Hie fuel elements consisted of 17 spacer discs (fueled), 
up to eight fuel rings (depending on radius ratio), and four tie rods 
which clamped the pieces together Figure 5 2 shows an end view of 
the fuel element with the hardware to hold the fuel rings (spacer tabs) 
and the slots m the disc through which foils could he inserted A 
side view of the assembled fuel element is seen in Figure 53- As 
noted here, there were 1 6 stages of fuel with each stage being 7 ^6 cm 
long Hiere were 9 25 kg of aluminum m each fuel element 


Hie fuel rings were made by folding a strip of 0 0127 cm 
thick aluminum together and sandwiching the fuel inside Hie fuel was 
equally spaced around the rings and the gaps on the rings were staggered 
Fuel sheets were also placed on each fuel stage spacer disc as shown m 
Figure 5 A Hiese sheets were numbered as shown Sheets 3 to 8 were 
full size sheets, being 7 30 cm on a side by 0 0025^- cm thick Sheets 
1,2,9, and 10 were l/2 size sheets (3 65 x 7 30 cm^) This fuel arrange- 
ment placed fuel sheets normal to the radial and axial coordinates, thus 
reducing to a minimum neutron streaming along zero or very low absorption 
paths m the fuel elements Hie fuel rings were loaded as follows 


Ring Humber 

1 

2 

3 

k 

5 

6 


Humber of Size 
1 0 Fuel Sheets 
1 
2 
3 

5 

6 

7 


Ring Diameter 
(cm) 

6 1 
9 9 
13 7 
17-5 
21 3 
25 1 


Because of the dilute fuel loading, not all positions 
specified on the fuel stage spacer discs (Figure 5 *0 were used Hiose 
positions which did contain fuel are as follows for each disc of the 
element. 




Positions Containing 

Number of 

Fuel Sheets 

: Number 

Fuel 

Whole Sheets 

Half Sheets 

1 

1,2,3,4,7,8,9,10 

4 

4 

2 

1,2,4,5,6,7,9,10 

4 

4 

3 

1,2,3, 5,6, 7,8 

5 

2 

4 

3,4,5,6,8,9,10 

5 

2 

5 

1,2,3,4,7,8,9,10 

4 

4 

6 

1,2,4,5,6,7,9,10 

4 

4 

7 

1,2, 3,5, 6, 7,8 

5 

2 

8 

3,4,5,6,8,9,10 

5 

2 

9 

1,2,3,4,7,8,9,10 

4 

4 

10 

1,2,4,5,6,7,9,10 

4 

4 

11 

1,2, 3,5, 6, 7,8 

5 

2 

12 

3,4,5,6,8,9,10 

5 

2 

13 

1,2,3,4,7,8,9,10 

4 

4 

l4 

1,2,4,5,6,7,9,10 

4 

4 

15 

1,2,3, 5,6, 7,8 

5 

2 

16 

3,4,5,6,8,9,10 

5 

2 

17 

1,2,3,4,7,8,9,10 

4 

4 


Hie total fuel loading -was thus 486 equivalent size 1 0 
(full size) fuel sheets per fuel element, or a total of 3402 fuel 
sheets with a mass of 8.91 kg of U m the seven modules of the reactor 
core . 

Each fuel element contained an annulus of foamed poly- 
styrene (CH) from a radius of 16.4 cm to 22 5 cm. Hie CH weighed 
2411 grams . Inis gives a hydrogen density within the annulus of 
1,23 x lO^l atoms/ec. 

5 .1 Initial Loading 


Initial loading of the seven module reactor began with no 
D2O m the module tank, tut with the outer, mam tank filled. The fuel 
elements were loaded m the core one at a time and multiplication data 
were taken each time an element was added. The D^O was then transferred 
into the module tank m several increments and multiplication taken for 
each increment The data results are contained m Table 5-1 and Figure 

5.5. 


The reactor was loaded with the exhaust-nozzle plug-tank, 
full of DgOj m the end reflector The reactor was first critical with 
7.359 barrels of D2O in. the tank and k-excess was 0 85^k A full 
8 0 barrels were then added and k-excess was 1 89$dk or an increase of 
1 04$ik. At this point, it was necessary to add three more actuators, 
12 control rods, m order to maintain the two dollar shutdown require- 
ment while loading was continued It was also decided to increase the 
hydrogen density by adding some thm strips of polyethylene 
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(CH g ) between the fuel stage spacer discs and the polystyrene over the 
annular region of hydrogen. There were 770 grains added to the reactor 
which increased the hydrogen density to 1 96 x 10 21 atoms/cc within the 
annulus (from its initial value of 1.23 x 10 2 ! atoms/ec). The increase 
m hydrogen reduced k-excess 0 312f0.075^k thus giving a specific 
worth of 0 . 405±0 097^k/kg for polyethylene. This wa,s effectively 
the average worth throughout the propellant region. Previous measure- 
ments on other configurations have shown the carbon component is less 
than 2$ of the total worth (le. p.251 of Yol 1, p. 45 of Yol 3) 

An additional ten gallons , 42.07 kg of DgO were added to 
the module tank and k-excess increased 0 435±0.078$lk: Excess 

reactivity was 1.896±0.062$^k and higher than desired for the experi- 
ments so the exhaust nozzle plug was removed reducing k-excess to 
0.745±0.066<to, thus giving a plug worth of 1 150±0.091$\k 

The remaining DqO was then added to fill the module tank. 

It took 58.06 kg and it increased k-excess to 1 . 012±0 . 033^k which 
was the base excess reactivity for this reactor with the exhaust nozzle 
tank (end plug) removed from the reactor As will be shown later, the 
average fuel worth in the modules was 3 928^Xk with an estimated error 
of less than 5$. If this is applied to the above k-excess of 1 012i0 033^k, 
the critical mass would be 8.64 kg of uranium, with the exhaust nozzle 
open The total mass of DgO m the seven-module tank was 1913 kg 

5.2 Reactivity Measurements 

5.2.1 Rod Worth 


Rod worth curves were measured early m the experiment 
both before and after adding three additional actuators. Inverse 
kinetics were used to perform the measurements after reducing K to 
1.00 by separating the table and withdrawing aid, actuators to their 
full out position. The rod worth curve thus obtained for 7 actuators 
(21 rods) is shown m Figure 5 6, and this was reduced to tabular form, 
the results of which are given in Table 5 2. The same data for the ten 
actuators (30 rods) are given m Figure 5-7 and Table 5 3 There was 
not a large difference between the two curves, but enough to measure 
These curves were used throughout the seven-module experiments 

Rod worth measurements were minimal. A single measure- 
ment of seven actuators containing 21 rods gave a total worth of 
-2. 801$Ak. Four separate measurements of ten actuators (30 rods) 
gave an average worth of -3 927±0.129^sk. This standard deviation 
is 3.3$ which is about normal for this type of measurement. The 
inverse kinetics calculations gave -2.907$Xb and -4.111^Vk for the 
worth of the seven actuator and ten actuator combination of rods, 
respectively. Both of these values are four to five percent above 
hump-period measurements, but this difference is considered to be of 
no real significance (within the expected accuracy of the measurements) 
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5 . 2.2 


Ifeterial Worths 


The worth of uranium was measured in. Modules 1 and 3 to 
determine a core average worth as well as produce the radial profile 
across the fuel elements. A full core-length strip of uranium weighing 
7.28 gm sandwiched between two aluminum straps was used to make the 
measurements. This sandwich was inserted into the measurement tubes or 
slots on the fuel elements (Figure 5.2) The base measurement 

contained the aluminum straps with no fuel. Period differences were 
used in all cases thus reducing the estimated error per measurement 
to about +0.003^ Thole 5 4- and Figure 5.8 show the results. The 
data are relatively sparse from which to calculate an average fuel worth 
But, assuming that the fuel worth distribution m Module 1 is constant 
around the element and that half of Module 3 1S typical of the 90° value 
and the other half is typical of the 270° value, the core average fuel 
worth is 3.93/Ak/kg of uranium. 

Two measurements made during the initial loading and 
reported m Section 5.1 are the worth of polyethylene (CH2) and the 
worth of the exhaust nozzle tank. The values measured are shown m 
Table 5 5. Although these were measured during the initial loading 
prior to having all the D2O in the module tank, the results are con- 
sidered to be generally applicable. The exhaust nozzle tank was worth 
more than earlier measurements, (Reference 2, p. 162) on the regular 
cylindrical cavity reactor. Conceptually the reason for the higher 
worth is evasive, but is considered to be caused by the internal mod- 
eration between the modules that creates a higher flux over the center 
module than over the outer modules, whereas the opposite was true at 
the center of the normal cavity reactor. 

The worth for polyethylene and polystyrene shows a large 
difference, -0.405+0 097%Afc/kg for polyethylene (a relatively small 
perturbation) compared to -0.111±0.019^1k/kg for polystyrene (measured 
for entire quantity that was m a single module). One would expect a 
nominal factor of two difference between these two materials if most 
of the reactivity penalty were due to the effects of hydrogen without 
consideration of molecular-binding-energy effects. (Carbon is worth 
only a few percent of the worth of hydrogen ) Part of the difference 
is undoubtedly caused by the fact that the polyethylene measurement 
was a small perturbation (the addition of 110 grams per fuel element 
or six percent m the hydrogen mass) after all of the polystyrene 
was m the reactor; whereas the polystyrene measurement was a major 
perturbation (100$ removal from one of the modules). For a proper relative 
comparison, equal hydrogen mass should be used in identical positions m 
the reactor. 

Aluminum worth measurements were made by placing core-length 
strips of aluminum m the measurement slots m the fuel elements. The mass 
of the aluminum varied proportional to the radius squared m order to obtain 
a fuel element structure average worth m a single measurement and so as to 
place sufficient mass m the reactor to obtain a meaningful measurement 
The values thus measured are given in Thble 5*5. The aluminum was type 
1100 . 
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5 2 3 


Simulated Exhaust Hozzle Measurements for the Module System 


Reactivity measurements were also made m the exhaust nozzle 
hole and m the end reflector ( 30.5 cm diameter) to evaluate possible 
exhaust nozzle configurations for the "light bulb" reactor. Two tanks 
were assembled for the measurement as shown m Figure 5.9*. Each tank 
configuration was measured m three steps as shown m liable 5 6 All 
materials were worth more with the annular tank configuration than with 
the central tank. Hydrogen at 4 1 x 10^® atoms/cc m the form of poly- 
styrene (foamed) has a positive effect on reactivity m the nozzle, 
indicating that its scattering cross section reduces neutron leakage 
through the nozzle opening and more than counteracts the absorptions 

5.3 Power Mapping (Catcher Foil Data) 

Power mapping was done m modules 1 and 3 at different angles 
As will be noted from Figure 5.2, there were four foil exposure tubes or 
slots m the measurement fuel elements into which foils could be inserted 
without disassembling the fuel element These slots extended the full 
length of the fuel element. The foils were placed on aluminum straps and 
then the straps were inserted into the slots. 

The catcher foil data are given m Thble 5*7. The data were 
first normalized to the point nearest the center of the core and then the 
axial plots were plotted as shown m Figures 5 10 to 5.1^-. Each of these 
axial plots were then averaged using a planimeter and the averages plotted 
to show the radial profile as presented m Figure 5*15. It will be noted 
that the core center has the highest power and that the lowest power in the 
outer modules is on that part of their circumference nearest the radial 
reflector. 


To further identify the detailed circumferential power distri- 
bution on the outside of the fuel elements, a strip of catcher foils was 
placed near the axial center of the core (stage 8) on the outer fuel ring 
of the fuel element m modules 1 and 4. The resulting profiles are shown 
m Figure 5 16 Module 4 had a rather smooth profile, with a 17$ spread 
from the maximum to the minimum around the fuel element. 


Hote: Unrelated to the experiment but of documentary interest, an 

unidentified chemical reaction occurred with the annular tank, creating 
sufficient gas pressure inside to buckle the inner wall This event 
occurred during a prolonged storage period of three weeks at room temp- 
erature. Significant chemical reaction or decomposition products were 
not found m the remaining DpO. Duplication of suspected conditions 
such as: l) dis -similar types of Al; 2 ) residual machining flux; 3) 

residue from acetone wash; and 4) "perfectly" clean walls were made in 
separate experiments. All four experiments eventually developed 2 psi 
over-pressure m essentially full cans. The residual machining -flux 
experiment developed the overpressure most rapidly (~ 3 weeks vs ^2 months 
for the others). The cause is believed to be normal aluminum corrosion, 
which evidently occurs for neutral or slightly basic water conditions, but 
is allegedly inhibited by slightly acidic conditions (pH = 5 to 6), 
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Module 1, however , gave a very s cattered profile ymxch was hard to define 
so a second set of data were taken on module 1 with finer resolution 
(closer foil spacing) and with special attention given to the exact 
location of the fuel sheets on the outer fuel ring. These are shown 
m Figure 5.l6 and it will be noted that flux peaks occur where there are 
gaps m the fuel and depressions result where the fuel sheets are The 
variation amounts to nominally 6$, which is equivalent to the self shield- 
ing factor for 0 0025 cm thick uranium metal The second exposure 
was on stage 11 of module 1 so a direct comparison with the first set 
of data was not made Module 4 did not show as large a fluctuation as 
was observed for module 1 In both cases, the catcher foils were 
mounted on the outside of the outer layer of fuel 

Some TJ® 3 5 -fission cadmium ratios were also measured in 
modules 1 and 3 These are shown m Figure 5 IT The system is highly 
thermal and the center module is generally a little less thermal than 
the outer module. At the end of the core where the exhaust nozzle hole 
exists, the thermal component of the flux was significantly enhanced 
This effect has been noted on previous cavity reactor experiments, and 
is the result of inward streaming of neutrons from the peak flux regions 
of the surrounding reflector. The reflector flux peaks about 20 cm 
from the inner cavity wall 

5.4 FLux Mapping (Gold Foil Data) 

5-4,1 Bare Gold Data 


The gold data were concentrated in the Dr^O regions and 
areas outside the fuel although some data were obtained within the fuel 
Both bare and cadmium covered foils were exposed and the data are found 
m Table 5-8 All foils were from 0 001016 to 0 00127 cm thick and 
nominally 1.43 cm in diameter The cadmium covers were 0 0508 cm thick 

Each foil exposure run contained power normalizer foils 
which were used to correct the gold data to the same reactor power The 
normalization foils consisted of seven catcher foils mounted between 
the tiro tables on the reflector tank. These daua are given- m Table 5 9 

The bare gold data were normalized to the same physical 
location as the catcher foils as will be noted from Table 5 8 The 
normalized -values were then plotted to show various distributions 
Figure 5.18 shows the relative distribution m modules 1 and 3 for 
the inner and outer measurement slot of the fuel elements Gold foils 
were also exposed on the inner and outer surfaces of the polystyrene 
in module J and the relative distribution is given m Figure 5 19 As 
with the catcher foils, the peak occurs over the region pointing toward 
the center of the core and the low point is next to the radial reflector 
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fere gold was also exposed in the two special exposure tubes, 
one running from module 1 to module 3 and the other from module 1 to the 
module wall between modules 5 and 6 The data are plotted m Figure 5 20 
Hie data from module 1 to module 3 were repeated as it was noted that 
the foil positions on the first run may have been altered because of 
displacement of the aluminum strap containing the foils as the element 
was slid into place This counts at least m part for the differences 
m the two sets of data. As would be expected, the peak flux occurs 
midway between the modules 

A strip of gold foils was also placed along the separation 
plane over modules 1 and 3 as shown m Figure 5*21 There was no 
apparent peak at the center of the exhaust nozzle as was observed with 
the large single cavity configurations, but the catcher foil cadmium 
ratio was somewhat higher at the exhaust nozzle than elsewhere out to 
the edge of the outer modules 

Hie relative distribution m the reflector regions is 
shown m Figures 5 22 and 5 23 Three sets of data are given and m 
general the last two runs show good agreement with Run 1168 being the 
odd set of data Excess reactivity was high on this run, requiring the 
rods to be quite a ways m the reactor On Run 1168 actuators 1,2,3; 
and 10 were fully withdrawn while actuators 4 to 9 were equally with- 
drawn 12.6 cm. Run 1173 was the same rod pattern but the six actuators 
which were equally withdrawn were out 15 2 cm The same rods on Run 
1174 were withdrawn 13 3 cm These variations are caused by the foils 
placed m the reactor and slight changes m DgO temperature The rods 
were actually further m on Run 1168 which could account for at least 
part of the differences However, control rod effects would not 
normally be expected to exist m the radial reflector, other than as 
affected by an overall shift m the average core power distribution 

5 4 2 Cadmium Ratios 

Cadmium ratios were calculated for all points where both 
bare and cadmium covered foils were available These data are given 
m Thble 5 10 Infinitely dilute activities were calculated for gold 
(Refer to Reference 5; P 69; or to Reference 6, on resonance self- 
shielding of gold and indium, for the procedure used m reducing the 
data For catcher foils, the cadmium ratio is essentially the' infinitely 
dilute value, since only the surface activity of U-235 is seen ) Some 
of these data are shown graphically m Figures 5 24 to 5*27 A peak 
cadmium ratio occurs about midway between the modules as noted from 
Figure 5 24 with the highest value where the P 2 0 thickness is the largest, 
the traverse from module 1 between modules 5 and 6. 
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Module 1 shows a sizable increase m gold cadmium ratio at 
the end of the core next to the exhaust nozzle opening as observed from 
Figure 5 25 A similar increase was noted with catcher foils (Figure 
5 17) This increase had been observed m previous measurements on the 
single large cavity over this region with the exhaust nozzle tank removed 
The extra high thermal flux component originates 10 to 20 cm inside the 
reflector and streams down the empty exhaust nozzle toward the core 

The separation between the gold cadmium ratio plots m the 
end and radial reflectors (Figure 5*27) "was larger than observed from other 
cavity reactor configurations. One cause for this is probably the position 
of the control rods m the end reflector., creating a thermal flux depres- 
sion m the end of the reactor The radial reflector is not affected as 
much as the end reflector thus the cadmium ratios m the radial reflector 
are higher than m the end reflector Furthermore, m this module config- 
uration, the effective thickness of the radial reflector is greater than it 
was m the single large cavity configuration, resulting m a higher thermal 
to epi-thermal flux ratio 

5 4.3 Thermal Neutron Flux 


At the same positions where gold cadmium ratio were obtained, 
thermal (equivalent 2200 m/sec) neutron fluxes were calculated These 
data are given m Thble 5 U normalized to a watt of reactor power 
Figure 5*28 shows the distribution m modules 1 and 3 and Figure 5*29 
presents the circumferential distribution around module 7 on the inner 
and outer surfaces of the polystyrene. There was not much of a variation 
in flux around the outer modules, except for a slight peaking next to 
the center module with the minimum next to the radial reflector 

Sufficient data were obtained to plot the thermal flux 
distribution at the axial centerline starting at the core center and 
progressing to the outside of the reflector Traverses were made from 
the center of module 1 through module 3 and into the radial reflector 
and from module 1 through the DgO between modules 5 and 6 The resulting 
distributions are seen in Figures 5 31 and 5 32 The peak flux in the 
reactor appears to have occurred m the DgO between module 1 and the six 
surrounding modules An unusual dip m flux is evident m the region 
of the walls of the module and reflector tanks The total thickness of 
these two walls is 1 27 cm, and this amount of aluminum can be expected 
to create a flux perturbation m the D^O The flux dips that appear at 
the edge of the fuel and at the cavity wall of module 1 are unexpected, 
and are attributed to spurious experimental error 
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TABLE 5 1 
Initial Loading 
7-Module Reactor 
0 55 Radius Ratio 


„ , Channel No 1 Channel No 2 Channel No 3 

Fuel in 


Increment 

Reactor ( kg ) 

CPM 

CRo/CR 

CPM 

CRo/CR 

CPM 

CRo/CR 

Average 

0 

0 

638 

1 000 

531 

1 000 

494 

1 000 

1 000 

0 

0 

886 

1 000 

755 

1 000 

687 

1 000 

1 000 

1 

1 273 

801 

0 797 

647 

0 821 

587 

0 842 

0 820 

1 

1 273 

1170 

0 757 

923 

0 818 

844 

0 8l4 

0 796 

2 

2 546 

104l 

0 613 

824 

0 644 

752 

0 657 

0 638 

2 

2 546 

1477 

0 600 

1189 

0 635 

1067 

0.644 

0 626 

3 

3 819 

1256 

0 508 

1022 

0 520 

979 

0 505 

0 511 

3 

3.819 

1519 

0 583 

1271 

0 594 

1192 

0 576 

0 584 

4 

5.092 

1539 

0 415 

1317 

0 403 

1223 

0 4o4 

0 407 

4 

5 092 

2397 

0 370 

1979 

0 382 

1853 

0.371 

0 374 

5 

6 365 

1940 

0 329 

1620 

0 328 

1449 

0 34i 

0 333 

5 

6 365 

3135 

0 283 

2524 

0 299 

2270 

0.3Q3 

0 295 

6 

7 638 

2406 

0 265 

2006 

0 265 

1840 

0 268 

0 266 

6 

7 638 

3904 

0 227 

3224 

0 234 

2904 

0 237 

0 233 

7 

8 911 

3089 

0 207 

2536 

0 209 

2308 

0 214 

0 210 

7 

8 911 

5168 

0 171 

4230 

0 178 

3862 

0 178 

0 176 


Rod 

Positions 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 



TABLE 5 1 


(Continued) 


Increment 

Fuel m 
Reactor (kg) 

Channel No 1 
CPM CRo/CR 

Channel No 2 
CPM CRo/CR 

Channel No 3 
CPM CRo/CR 

Average 

Rod 

Positions 



Addition of D o 0 to 

Central Tank 





Barrels 



£- 






8 

1 

3051 

0 209 

2168 

0 245 

2247 

0 220 

0 225 

In 

8 

1 

4047 

0 218 

2823 

0 267 

2905 

0 236 

0 240 

Out 

9 

2 

3142 

0 203 

2348 

0 226 

2337 

0 211 

0 213 

In 

9 

2 

5604 

0 158 

4i45 

0 182 

4149 

0 1 66 

0 169 

Out 

10 

3 

3543 

0 180 

2658 

0 200 

2575 

0 192 

0 191 

In 

10 

3 

644? 

0 137 

5027 

0 150 

4709 

0 l46 

0 144 

Out 

11 

5 

5313 

0 120 

4159 

0 128 

3843 

0 129 

0 126 

In 

11 

5 

11869 

0 075 

9608 

0 079 

7731 

0 089 

0 081 

Out 

12 

6 

8569 

0 074 

6870 

0 077 

6305 

0 078 

0 076 

In 

12 

6 

33378 

0 027 

27020 

0 028 

23867 

0 029 

0 028 

Out 

13 

6 69b 

12733 

0 050 

10235 

0 052 

9155 

0 054 

0 052 

In 

13 

6 69k 

193154 

0 oo46 

150866 

0 0050 

125062 

0 0055 

0 0050 

Out 

l4 

7 359 

18515 

0 0346 

14830 

0 0358 

13401 

0 0369 

0 0357 

In 



TABLE 5 2 


All Rods Worth Curve Data 
7 Actuators - 21 Rods 
7-Module Reactor 


Rods In ~ 117 
Rods Out - 9784 


ro 

-t=- 


% Worth Inserted 



0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

00 

100 00 

100 00 

96 80 

93 63 

90 49 

87.40 

84.34 

81 32 

78 35 

75 42 

1000 

72 54 

69 71 

66 94 

64 22 

61 56 

58 95 

56 42 

53 97 

51 60 

49 31 

2000 

47 10 

44 97 

42 91 

4o 93 

39 02 

37 18 

35 40 

33 69 

32 04 

30 45 

3000 

28 92 

27 45 

26 04 

24 68 

23 38 

22 l4 

20 95 

19 81 

18 73 

17 70 

4ooo 

16 72 

15 79 

14 91 

14 07 

13 28 

12 54 

11 84 

11 17 

10 53 

9 92 

5000 

9 34 

8 78 

8 24 

7 73 

7 24 

6 77 

6 32 

5 88 

5 46 

5 06 

6000 

4 68 

4 32 

3 98 

3 66 

3 35 

3 06 

2 78 

2 52 

2 28 

2 05 

7000 

1 84 

1 64 

1 45 

1 28 

1 13 

1 00 

0 89 

0 79 

0 69 

0 60 

8000 

0 51 

0 43 

0 35 

0 28 

0 21 

0 15 

0.10 

0 06 

0 03 

0 02 

9000 

0 01 

0 00 










Difference 


0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

00 

0 00 

0 00 

3 20 

3 17 

3 14 

3 09 

3 06 

3 02 

2 97 

2 93 

1000 

2 88 

2 83 

2 77 

2 72 

2 66 

2 6l 

2 53 

2 45 

2 37 

2 29 

2000 

2 21 

2 13 

2 06 

1 98 

1 91 

1 84 

1 78 

1 71 

1 65 

1 59 

3000 

1 53 

1 47 

1 4l 

1 36 

1 30 

1 24 

1 19 

1 14 

1 08 

1 03 

4000 

0 98 

0 93 

0 88 

0 84 

0 79 

0 74 

0 70 

0 67 

0 64 

0 61 

5000 

0 58 

0 S6 

0 54 

0 51 

0 49 

0 47 

0 45 

0 44 

0 42 

0 40 

6000 

0 38 

0 36 

0 34 

0 32 

0 31 

0 29 

0 28 

0 26 

0 24 

0 23 

7000 

0 21 

0 20 

0 19 

0 17 

0 15 

0 13 

0 11 

0 10 

0 09 

0 09 

8000 

0 08 

b 08 

0 07 

0 07 

0 06 

0 05 

0 04 

0 03 

0 02 

0 01 

9000 

0 00 












TABLE 5-3 


All Rods Worth Curve Data 
10 Actuators - 30 Rods 
Exhaust Nozzle Tank m Reactor 
7~Module Reactor 


% Worth Inserted 


0 100 200 300 400 500 600 TOO 800 900 


00 

100 

00 

100 

00 

97 

20 

93 

10 

89 

14 

85 

32 

81 

63 

78 

08 

74 

67 

71 

39 

1000 

68 

23 

65 

20 

62 

30 

59 

52 

56 

86 

54 

31 

51 

86 

49 

53 

47 

29 

45 

16 

2000 

43 

12 

4l 

17 

39 

31 

37 

53 

35 

82 

34 

20 

32 

63 

31 

13 

29 

69 

28 

30 

3000 

26 

96 

25 

67 

24 

43 

23 

23 

22 

08 

20 

98 

19 

92 

18 

90 

17 

91 

16 

96 

Uooo 

16 

05 

15 

17 

14 

33 

13 

52 

12 

74 

12 

00 

11 

29 

10 

6i 

9 

96 

9 

34 

5000 

8 

75 

8 

19 

7 

66 

7 

l6 

6 

68 

6 

22 

5 

78 

5 

37 

4 

98 

4 

6l 

6000 

4 

26 

3 

93 

3 

62 

3 

32 

3 

04 

2 

78 

2 

53 

2 

30 

2 

08 

1 

88 

7000 

1 

69 

1 

51 

1 

34 

1 

18 

1 

03 

0 

89 

0 

76 

0 

64 

0 

54 

0 

45 

8000 

0 

37 

0 

30 

0 

24 

0 

19_ 

0 

l4 

0 

10 

0 

07 

0 

04 

0 

02 

0 

01 



0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

00 

0 

0 

2 8o 

4 10 

3 96 

3 82 

3 69 

3 55 

3 4l 

3 28 

1000 

3 16 

3 03 

2 90 

2 78 

2 66 

2 55 

2 45 

2 33 

2 24 

2 13 

2000 

2 04 

1 95 

1 86 

1 78 

1 70 

1 63 

1 57 

1 50 

1 44 

1 39 

3000 

1 34 

1 29 

1 24 

1 20 

1 15 

1 10 

1 06 

1 02 

0 99 

0 95 

4000 

0 91 

0 88 

0 84 

0 81 

0 78 

0 74 

0 71 

0 68 

0 65 

0 62 

5000 

0 59 

0 56 

0 53 

0 50 

0 48 

0 46 

0 44 

0 4l 

0 39 

0 37 

6000 

o 35 

0 33 

0 31 

0 30 

0 28 

0 26 

0 25 

0 23 

0 22 

0 20 

7000 

0 19 

0 18 

0 17 

0 16 

0 15 

0 14 

0 13 

0 12 

0 10 

0 09 

8000 

9000 

0 08 
0 00 

0 07 

0 06 

0 05 

0 05 

0 04 

0 03 

0 03 

0 02 

0 01 



TABLE 5 ^ 

Fuel Worth Measurements 
7— Module Reactor — 0.55 Radius Ratio 


Location 


Module 

Angle from 
Centerline 
(°cv) 

Radius 

(cm) 

Reactivity Worth 
of 7-28g ($Ak) 

Specific Worth 
WAk/hg) 

3 

90 

4 0 

0.020210 003 

2 7810 4l 

3 

90 

7 8 

0.0208±0 003 

2 86iO 4l 

3 

90 

11.6 

0 0228±0 003 

3 1310 4l 

3 

2?0 

4 0 

0 0213±0 003 

2 9310 4l 

3 

270 

7 8 

0 023110.003 

3 1710 4l 

3 

270 

11 6 

0.028310 003 

3 8910 4l 

1 

90 

4 o 

0 036210 003 

4 97 ±0 4l 

1 

90 

7 8 

0.037710 003 

5 18+0 4l 

1 

90 

11.6 

0 044210 003 

6 07+O 4l 


2 6 




TABLE 5 5 


Miscellaneous Reactivity Measurements 
7-Module Reactor - 0 55 Radius Ratio 



Mass 

Reactivity 

Specific Worth 

Material 

Location 

(g) 

Change (%Ak) 

($Ak/kg) 

Polyethylene 

Hydrogen annulus 

TTO 

-0 312 ±0 075 

-0 405±0 097 

Exhaust Nozzle 

End reflector 

— 

1 150 ±0 066 

— 

Polystyrene 

Module 5 

2 U 11 

-0 266 ±0 045 

-0 11110 019 

Aluminum 

Module 1, 90 cl 

5 U 0 

-0 0U22±0 003 

-0 07810 006 

Aluminum 

Module 4, 150° 

540 

-0 006510 003 

-0 01210 006 

Aluminum 

Module 4, 330 ° 

540 

-0 0176±0 003 

-0 033+0 006 


1. Angles are clockwise from core centerline 


27 





TABLE 5 6 


Reactivity Measurements of Exhaust Nozzle Configurations 


Material 

Weight 

(gm) 

Total Worth 
«Ak) 

Worth per kg 
($Ak/kg) 

21 3 cm 0 D tank 
(Aluminum) 

4027 

-O' 0113+0 003 

-(2.81+0 74 ) x 10" 3 

D 2° 

34587 

+0 608 +0 074 

0 0176+0 0021 

Roly styrene (CH) 

280* 

+0 0268±0 003 

0.095710 0107 

Annular Tank 
21 3 cm I D 

29 8 cm 0 D (Aluminum) 

7303 

-0 0513±0 003 

-(7 02+0 4 l) x 10 -3 

D 2° 

33000 

+0 667 ±0 066 

0 0202+0 0020 

Polystyrene ( CH ) 

280* 

+0 0407±0 003 

0 145 +0 Oil 

^Approximate hydrogen atom density 

Of) 

uas 4 1 x 10 

atoms /ec 


28 





TABLE 5 7 


Catcher Foil Data 

7-Module Reactor - 0 55 Radius Ratio 


Run 1168 


Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cv) 

(cm) 

(cm) 

Counts 

Foil (x) 

1 

Bare 

1 

90° 

4 0 

92 5 

199359 

0 977 

2 

Bare 

1 

90° 

4 0 

105 8 

204783 

1 003 

3 

Bare 

1 

90° 

4 0 

121 0 

198881 

0 975 

4 

Bare 

1 

90° 

4 0 

136 3 

209585 

1 027 

5 

Bare 

1 

90° 

4 0 

151 5 

204007 

1 000 (X) 

6 

Bare 

1 

90° 

4 0 

166 8 

196146 

0 961 

7 

Bare 

1 

90° 

4 o 

182 0 

192109 

0 941 

8 

Bare 

1 

90° 

4 o 

197 2 

i8o4o4 

0 884 

9 

Bare 

1 

90° 

4 0 

210 5 

194350 

0 952 

10 

Bare 

1 

90° 

7 8 

92 5 

204182 

1 000 

11 

Bare 

1 

90° 

7 8 

105 8 

198871 

0 974 

12 

Bare 

1 

90° 

7 8 

121 0 

211748 

1 038 

13 

Bare 

1 

90° 

7 8 

136 3 

210262 

1 030 

l4 

Bare 

1 

90° 

7 8 

151 5 

210274 

1 030 

15 

Bare 

1 

90° 

7 8 

166 8 

201064 

0 985 

16 

Bare 

1 

90° 

7 8 

182 0 

194713 

0 954 

17 

Bare 

1 

90° 

7 8 

197 2 

184216 

0 903 

18 

Bare 

1 

90° 

7 8 

210 5 

187474 

0 919 

19 

Bare 

1 

90° 

11 6 

92 5 

220544 

1 081 

20 

Bare 

1 

90° 

11 6 

105 8 

220552 

1 081 

21 

Bare 

1 

90° 

11 6 

121 0 

231184 

1 133 

22 

Bare 

1 

90° 

11 6 

136 3 

232027 

1 137 

23 

Bare 

1 

90° 

ll 6 

151 5 

229153 

1 123 

24 

Bare 

1 

90° 

li 6 

166 8 

229802 

1 126 

25 

Bare 

1 

90° 

ll 6 

182 0 

220739 

1 082 

26 

Bare 

1 

90° 

ll 6 

197 2 

210128 

1 030 

27 

Bare 

1 

90° 

ll 6 

210 5 

202533 

0 992 

28 

Bare 

1 

90° 

15 4 

92 5 

248729 

1 219 

29 

Bare 

1 

90° 

15 4 

105 8 

252601 

1 238 

30 

Bare 

1 

90° 

15 4 

121 0 

262577 

1 287 

31 

Bare 

1 

90° 

15 4 

136 3 

260240 

1 275 

32 

Bare 

1 

90° 

15 4 

151 5 

260122 

1 275 

33 

Bare 

1 

90° 

15 4 

166 8 

252475 

1 237 

34 

Bare 

1 

90° 

15 4 

182 0 

244783 

1 199 

35 

Bare 

1 

90° 

15 4 

197 2 

225509 

1 105 

36 

Bare 

1 

90° 

15 4 

210 5 

220056 

1 078 

37 

Bare 

3 

90° 

4 0 

92 5 

145113 

0 711 

38 

Bare 

3 

90° 

4 o 

105 8 

142166 

0 697 

39 

Bare 

3 

90° 

4 0 

121 0 

148993 

0 730 

4o 

Bare 

3 

90° 

4 0 

136 3 

149483 

0 732 


29 




TABLE 5 7 


(Continued) 


Run 1168 


Foil 

Foil 

Mpaule 

Angle 

umber 

Type 

Number 

(°cw) 

4i 

Bare 

3 

90° 

42 

Bare 

3 

90° 

43 

Bare 

3 

90° 

44 

Bare 

3 

90° 

45 

Bare 

3 

90° 

46 

Bare 

3 

90° 

47 

Bare 

3 

90° 

48 

Bare 

3 

90° 

49 

Bare 

3 

90° 

50 

Bare 

3 

90° 

51 

Bare 

3 

90° 

52 

Bare 

3 

90° 

53 

Bare 

3 

90° 

54 

Bare 

3 

90° 

55 

Bare 

3 

90° 

56 

Bare 

3 - 

90° 

57 

Bare 

3 

90° 

58 

Bare 

3 

90° 

59 

Bare 

3 

90° 

60 

Bare 

3 

90° 

61 

Bare 

3 

90° 

62 

Bare 

3 

90° 

63 

Bare 

3 

90° 

64 

Bare 

3 

90° 

65 

Bare 

3 

90° 

66 

Bare 

3 

90° 

67 

Bare 

3 

90° 

68 

Bare 

3 

90° 

69 

Bare 

3 

90° 

70 

Bare 

3 

90° 

71 

Bare 

3 

90° 

7^ 

Bare 

3 

90° 

m 11 69 

1 

Cd 

1 

90° 

2 

ca 

1 

90° 

3 

ca 

1 

90° 

4 

ca 

1 

90° 

5 

ca 

1 

90° 

6 

ca 

1 

90° 


Location 


Radial 

(cm) 

Axial 

(em) 

Normalized 

Counts 

4.0 

151 5 

147853 

4 0 

166 8 

146933 

4 0 

182 0 

138596 

4 0 

197 2 

135222 

4 0 

210 5 

143518 

7 8 

92 5 

148070 

7 8 

105 8 

142007 

7 8 

121 0 

152603 

7 8 

136 3 

148342 

7 8 

151 5 

153320 

7 8 

166 8 

145260 

7 8 

182 0 

142950 

7 8 

197 2 

135089 

7 8 

210.5 

145970 

11 6 

92 5 

154993 

11 6 

105 8 

161344 

ll 6 

121 0 

165848 

11 6 

136 3 

166192 

ll 6 

151 5 

165872 

11 6 

166 8 

152682 

ll 6 

182 0 

157619 

ll 6 

197 2 

145998 

ll 6 

210 5 

153556 

15 4 

92 5 

172307 

15 4 

105 8 

174870 

15 4 

121 0 

181538 

15 4 

136 3 

183857 

15 4 

151 5 

183164 

15 4 

166 8 

180429 

15 4 

182 0 

173053 

15 4 

197 2 

164330 

15 4 

210 5 

161451 


4 0 

92 5 

5788 

4 0 

151 5 

6482 

4 0 

210 5 

4450 

15 4 

92 5 

5737 

15 4 

151 5 

6681 

15 4 

210 5 

4669 


1 Angle is clockwise from the core centerline 


Local to 
Foil (X)‘ 

0 724 
0 720 “ 

0 679 

0 663 
0 703 
0 726 
0 696 
0 748 

0 727 

0 751 
0 712 

0 700 
0 662 
0 715 
0 759 
0 791 
0 813 

0 8l4 

0 813 
0 748 
0 772 
0 715 
0 757 
0 844 

0 857 
0 890 
0 901 
0 898 
0 884 
0 848 

0 805 

0 791 
CcL 

Ratio 

34 4 
31 5 
43 7 
43 4 
38 9 
47 1 


30 




TABLE 5 7 


(Continued) 


Bun 1170 

Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

Number 

wSixm 

Number 

(°C¥) 

(cm) 

(cm) 

Counts 

Foil (X) 

1 

Bare 

1 

0 

4 0 

92 5 

197853 

0 969 

2 

Bare 

1 

0 

4 0 

105 8 

204919 

1 004 

3 

Bare 

1 

0 

4 0 

121 0 

206210 

1 010 

4 

Bare 

1 

0 

4 0 

136 3 

206017 

1 009 

5 

Bare 

1 

0 

4 0 

151 5 

209197 

1 025 

6 

Bare 

1 

0 

4 0 

166 8 

197195 

0 966 

7 

Bare 

1 

0 

4 0 

182 0 

194307 

0 952 

8 

Bare 

1 

0 

4 0 

197 2 

183171 

0.898 

9 

Bare 

1 

0 

4 0 

210 5 

191370 

0 938 

10 

Bare 

1 

0 

7 8 

92 5 

213804 

1 o48 

11 

Bare 

1 

0 

7 8 

105 8 

200724 

0 984 

12 

Bare 

1 

0 

7 8 

121 0 

216560 

1 061 

13 

Bare 

1 

0 

7 8 

136 3 

216189 

1 059 

14 

Bare 

1 

0 

7 8 

151 5 

214002 

l 049 

15 

Bare 

1 

0 

7 8 

166 8 

203720 

0 998 

16 

Bare 

1 

0 

7 8 

182 0 

196101 

0 961 

17 

Bare 

1 

0 

7 8 

197 2 

184684 

0 905 

18 

Bare 

1 

0 

7 8 

210 5 

192661 

0 944 

19 

Bare 

1 

0 

11 6 

92 5 

229124 

1 123 

20 

Bare 

1 

0 

11 6 

105 8 

225467 

1 105 

21 

Bare 

1 

0 

11 6 

121 0 

235788 

1 155 

22 

Bare 

1 

0 

11 6 

136 3 

235116 

1 152 

23 

Bare 

1 

0 

11 6 

151 5 

233825 

1 146 

24 

Bare 

1 

0 

11 6 

166 8 

235591 

1 154 

25 

Bare 

1 

0 

11 6 

182 0 

224315 

l 099 

26 

Bare 

1 

0 

11 6 

197 2 

208158 

1 020 

27 

Bare 

1 

0 

11 6 

210 5 

210047 

1 029 

28 

Bare 

1 

0 

15 4 

92 5 

251161 

1 231 

29 

Bare 

1 

0 

15 4 

105 8 

256189 

1 255 

30 

Bare 

1 

0 

15 4 

121 0 

263006 

1 289 

31 

Bare 

1 

0 

15 4 

136 3 

266484 

1 306 

32 

Bare 

1 

0 

15 4 

151 5 

268895 

1 318 

33 

Bare 

1 

0 

15 4 

166 8 

256482 

l 257 

34 

Bare 

1 

0 

15 4 

182 0 

229735 

1 126 

35 

Bare 

1 

0 

15 4 

197 2 

233650 

l 145 

3 6 

Bare 

1 

0 

15 4 

210 5 

226913 

1 112 

37 

Bare 

3 

0 

4 0 

92 5 

158746 

0 778 

38 

Bare 

3 

0 

4 0 

105 8 

149850 

0 734 

39 

Bare 

3 

0 

4 0 

121 0 

157506 

0 772 

40 

Bare 

3 

0 

4 0 

136 3 

154933 

0 759 
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TABLE 5 7 


(Continued) 


Run IIJO 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Number 

Type 

Number 

( °cw ) 

(cm) 

(cm) 

Counts 

Foil (X) 

Ul 

Bare 

3 

0 

4 0 

151 5 

157703 

0 773 

42 

Bare 

3 

0 

4 0 

166 8 

145570 

0 713 

'43 

Bare 

3 

0 

4 0 

182 0 

145414 

0 713 

44 

Bare 

3 

0 

4 0 

197 2 

143335 

0 702 

45 

Bare 

3 

0 

4 0 

210 5 

154602 

0 758 

46 

Bare 

3 

0 

7 8 

92.5 

158974 

0 779 

47 

Bare 

3 

0 

7 8 

105 8 

151312 

0 741 

48 

Bare 

3 

0 

7 8 

121 0 

161004 

0 789 

49 

Bare 

3 

0 

7 8 

136 3 

155542 

0 762 

50 

Bare 

3 

0 

7 8 

151 5 

159497 

0 782 

51 

Bare 

3 

0 

7 8 

166 8 

152183 

0.746 

52 

Bare 

3 

0 

7 8 

182.0 

152361 

0 747 

53 

Bare 

3 

0 

7 8 

197 2 

145662 

0 714 

54 

Bare 

3 

0 

7 8 

210 5 

161657 

0 792 

55 

Bare 

3 

0 

11 6 

92 5 

173962 

0 852 

56 

Bare 

3 

0 

11 6 

105 8 

175618 

0 861 

57 

Bare 

3 

0 

11 6 

121 0 

179454 

0 879 

58 

Bare 

3 

0 

11 6 

136 3 

180558 

0 885 

59 

Bare 

3 

0 

11 6 

151 5 

180610 

O.885 

60 

Bare 

3 

0 

11 6 

1 66 8 

172365 

0 846 

61 

Bare 

3 

0 

11 6 

182 0 

171542 

0 84i 

62 

Bare 

3 

0 

11 6 

197 2 

161275 

0 790 

63 

Bare 

3 

0 

11 6 

210 5 

171579 

0 84i 

64 

Bare 

3 

0 

15 4 

92 5 

177589 

0 870 

65 

Bare 

3 

0 

15 4 

105 8 

194924 

0 955 

66 

Bare 

3 

0 

15 4 

121.0 

198712 

0.974 

67 

Bare 

3 

0 

15 4 

136 3 

203295 

0 996 

68 

Bare 

3 

0 

15 4 

151 5 

204366 

1 001 

69 

Bare 

3 

0 

15 4 

166 8 

196155 

0 961 

70 

Bare 

3 

0 

15-4 

182 0 

191447 

0 938 

71 

Bare 

3 

0 

15.4 

197 2 

181130 

0 888 

72 

Bare 

3 

0 

15 4 

210 5 

183812 

0 .,901 

Run 1I71 

1 

Bare 

3 

270° 

4 0 

92 5 

159617 

0 782 

2 

Bare 

3 

270° 

4 0 

105 8 

148451 

0 727 

3 

Bare 

3 

270° 

4 0 

121 0 

157258 

0 771 

4 

Bare 

3 

270° 

4 0 

136 3 

161261 

0 790 

5 

Bare 

3 

270° 

4 0 

151 5 

155084 

0 760 

6 

Bare 

3 

270° 

4 0 

166 8 

149372 

0 732 

-7 

Bare 

3 

270° 

4 0 

182 0 

143803 

0 705 

8 

Bare 

3 

270° 

4 0 

197 2 

145242 

0 712 

9 

Bare 

3 

270° 

4 0 

210 5 

156729 

0 768 
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TABLE 5 7 


(Continued) 


Bun 1171 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (x) 

10 

Bare 

3 

270° 

7 8 

92 5 

165328 

0 

810 

11 

Bare 

3 

270° 

7 8 

105 8 

158001 

0 

774 

12 

Bare 

3 

270° 

7 8 

121 0 

162589 

0 

797 

13 

Bare 

3 

270° 

7 8 

136 3 

165690 

0 

812 

l4 

Bare 

3 

270° 

7 8 

151 5 

165615 

0 

812 

15 

Bare 

3 

270° 

7 8 

166 8 

156614 

0 

767 

1 6 

Bare 

3 

270° 

7 8 

182 0 

154010 

0 

755 

17 

Bare 

3 

270° 

7 8 

197 2 

151034 

0 

740 

18 

Bare 

3 

270° 

7 8 

210 5 

167173 

0 

819 

19 

Bare 

3 

270° 

11 6 

92 5 

181206 

0 

888 

20 

Bare 

3 

270° 

11 6 

105 8 

179944 

0 

882 

21 

Bare 

3 

270° 

11 6 

121 0 

185734 

0 

910 

22 

Bare 

3 

270° 

n 6 

136 3 

I85658 

0 

910 

23 

Bare 

3 

270° 

11 6 

151 5 

185652 

0 

910 

2 k 

Bare 

3 

270° 

11.6 

166 8 

175341 

0 

859 

25 

Bare 

3 

270° 

11 6 

182 0 

179268 

0 

878 

26 

Bare 

3 

270° 

li 6 

197 2 

166358 

0 

815 

27 

Bare 

3 

270° 

11 6 

210 5 

177860 

0 

872 

28 

Bare 

3 

270° 

15 4 

92 5 

204198 

1 

001 

29 

Bare 

3 

270° 

15 4 

105 8 

210040 

1 

029 

30 

Bare 

3 

270° 

15 4 

121 0 

212972 

1 

044 

31 

Bare 

3 

270° 

15 4 

136 3 

213506 

1 

046 

32 

Bare 

3 

270° 

15 4 

151 5 

213272 

1 

045 

33 

Bare 

3 

270° 

15 4 

166 8 

182388 

0 

894 

3 k 

Bare 

3 

270° 

15 4 

182 0 

189415 

0 

928 

35 

Bare 

3 

270° 

15 4 

197 2 

174374 

0 

854 

36 

Bare 

3 

270° 

15 4 

210 5 

174139 

0 

853 

Run 1172 
1 

Cd 

3 

90° 

4 0 

92 5 

4109 

Cd 

Ratio 
35 3 

2 

Cd 

3 

90° 

4 0 

151 5 

4645 

31 

8 

3 

Cd 

3 

90° 

4 0 

210 5 

3787 

37 

9 

k 

Cd 

3 

90° 

15 4 

92 5 

3918 

44 

0 

5 

Cd 

3 

90° 

15 4 

151 5 

4635 

39 

5 

6 

Cd 

3 

90° 

15 4 

210 5 

3521 

45 

9 

7 

Bare 

1 

0 

12 6 

152 0 

236142 

1 

157 

8 

Bare 

1 

22 5° 

12 6 

152 0 

231941 

1 

137 

9 

Bare 

1 

45 0° 

12 6 

152 0 

245812 

1 

204 

10 

Bare 

1 

67 5° 

12 6 

152 0 

237453 

1 

164 

11 

Bare 

1 

90 0° 

12 6 

152 0 

245415 

1 

203 

12 

Bare 

1 

112 5° 

12 6 

152 0 

233623 

1 

145 

13 

Bare 

1 

135 0° 

12 6 

152 0 

246769 

1 

209 

Ik 

Bare 

1 

157 5° 

12 6 

152 0 

229931 

1 

127 
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TABLE 5 7 
(Continued) 


Bun 1172 


Foil 

Foil 

Module 

Angle 

Number 

lyP e 

Number 

(°«r) 

15 

Bare 

1 

180 0° 

1 6 

Bare 

1 

202 5° 

17 

Bare 

1 

225 0° 

18 

Bare 

1 

247 5° 

19 

Bare 

1 

270 0° 

20 

Bare 

1 

292 5° 

21 

Bare 

1 

315 0° 

22 

Bare 

1 

337 5° 

23 

Bare 

4 

0 

24 

Bare 

4 

22 5° 

25 

Bare 

4 

45 0° 

2 6 

Bare 

4 

67 5° 

27 

Bare 

4 

90 0° 

28 

Bare 

4 

112 5° 

29 

Bare 

4 

135 0° 

30 

Bare 

4 

157 5° 

31 

Bare 

4 

180 0° 

32 

Bare 

4 

202 5° 

33 

Bare 

4 

225 0° 

34 

Bare 

4 

247 5 0 

35 

Bare 

4 

270 0° 

36 

Bare 

4 

292 5° 

37 

Bare 

4 

315. o° 

38 

Bare 

4 

337 5° 

Run 1174 

1 

Bare 

1 

0 

2 

Bare 

l 

15.0° 

3 

Bare 

l 

30 0° 

4 

Bare 

l 

45 0° 

5 

Bare 

1 

60 0° 

6 

Bare 

1 

75 0° 

7 

Bare 

l 

90 0° 

8 

Bare 

l 

105 0° 

9 

Bare 

1 

120 0° 

10 

Bare 

l 

135 0° 

11 

Bare 

i 

150 0° 

12 

Bare 

l 

165 0° 

13 

Bare 

1 

180 0° 

l4 

Bare 

1 

195 0° 

15 

Bare 

l 

210 0° 


Location 


Radial 

(cm) 

Axial 

(cm) 

Normalized 

Counts 

Local • 
Foil (: 

12 

6 

152 0 

235231 

1 153 

12 

6 

152 0 

248795 

1 219 

12. 

.6 

152 0 

243443 

1 193 

12 

6 

152.0 

254023 

1 245 

12 

6 

152 0 

238120 

1 167 

12 

6 

152 0 

250091 

1 225 

12 

6 

152 0 

234388 

1 149 

12 

6 

152 0 

240837 

1 180 

12 

6 

152 0 

187237 

0 917 

12 

6 

152.0 

187929 

0 921 

12 

6 

152 0 

184109 

0 902 

12 

6 

152 0 

174959 

0 857 

12 

6 

152 0 

169232 

0 829 

12 

6 

152 0 

170488 

0 835 

12 

6 

152 0 

168750 

0 827 

12 

6 

152.0 

174000 

0 853 

12 

6 

152 0 

166432 

0 816 

12 

6 

152 0 

171165 

0 839 

12 

6 

152 0 

178351 

0 874 

12 

6 

152 0 

179960 

0 882 

12 6 

152 0 

192916 

0 945 

12 

6 

152 0 

190843 

0.935 

12 

6 

152 0 

199133 

0 976 

12 

6 

152 0 

190597 

0 934 


12 6 

168 5 

231684 

1 136 

12 6 

168 5 

230561 

1 130 

12 6 

168 5 

243574 

1 194 

12 6 

168 5 

229355 

1 124 

12 6 

168 5 

234583 

1, 150 

12 6 

168 5 

238825 

1 171 

12.6 

168 5 

229782 

1 126 

12 6 

168.5 

231636 

1 135 

12 6 

168 5 

238236 

1 168 

12 6 

168 5 

230883 

1 131 

12 6 

168 5 

227121 

1 113 

12.6 

168.5 

233746 

1 146 

12.6 

168 5 

241459 

l 184 

12 6 

168 5 

234050 

1 147 

12 6 

168 5 

226287 

1 109 



TAb1.E 5 7 
( Continued) 


Run 1174 

Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (X) 

16 

Bare 

1 

225 0° 

12 6 

168 5 

227838 

1 117 

17 

Bare 

1 

240 0° 

12 6 

168 5 

241909 

1 186 

18 

Bare 

1 

255 0° 

12 6 

168 5 

228115 

1 118 

19 

Bare 

1 

270 0° 

12 6 

168 5 

234872 

1 151 

20 

Bare 

1 

285 o° 

12 6 

168 5 

218792 

1 072 

21 

Bare 

1 

300 0° 

12 6 

168 5 

230348 

1 129 

22 

Bare 

1 

315 o° 

12 6 

168 5 

232827 

1 i4i 

23 

Bare 

1 

330 0° 

12 6 

168 5 

243157 

1 192 

24 

Bare 

1 

345 0° 

12 6 

168 5 

241349 

l 183 


35 




TABLE 5 8 


Gold Foil Data 

7-Module Reactor - Exhaust Nozzle Removed 
0 '55 Radius Ratio 


Run 1168 


Foil 

Number 

Foil 

Type 

nocauion 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific 
Activity 
d/m-g x 10~6 

Local to 
Foil (X) 

1 

Bare 

0 

89 4 

0 0354 

7 825 

0 948 

2 

Bare 

0 

74 9 

0 0381 

9 824 

1 190 

3 

Bare 

0 

59 6 

0 0280 

6 800 

0 824 

4 

Bare 

0 

44 4 

0 0380 

4 609 

0 558 

5 

Bare 

0 

29 1 

0 04l0 

2 600 

0 315 

6 

Bare 

0 

13 9 

0 0379 

1 244 

0 151 

7 

Bare 

0 

0 

0 0322 

0 170 

0 021 

8 

Bare 

93 2 

151 1 

0 0389 

8 204 

0 994 

9 

Bare 

107 7 

151 1 

0 0402 

6 621 

0 802 

10 

Bare 

123 0 

151 1 

0 0333 

4 75 6 

0 576 

11 

Bare 

138 2 

151 1 

0 0398 

3 289 

0 398 

12 

Bare 

153 4 

151 1 

0 0408 

1 887 

0 229 

13 

Bare 

168 7 

151 l 

0 0330 

0 861 

0 io4 

14 

Bare 

183 9 

151 1 

0 0350 

0 130 

0 016 

15 

Bare 

23 6 1 

151 l 

0 0415 

10 475 

1 269 

1 6 

Bare 

30 5 

151 l 

0 0335 

13 514 

1.637 

17 

Bare 

38 1 

151 1 

0 0322 

13 876 

1.681 

18 

Bare 

45 7 

151 1 

0 0400 

12 785 

1 549 

19 

Bare 

53 3 

151 1 

0 03 66 

12 110 

1 467 

20 

Bare 

61 0 

151 l 

0 0414 

10 357 

1 255 

21 

Bare 

68 6 

151 1 

0 0417 

10 522 

1 275 

22 

Bare 

76 2 

151*1 

0 0384 

9 697 

1 175 

23 

Bare 

83 8 

151 1 

0 0358 

8 138 

0 986 

24 

Bare 

90 7 

151 1 

0 0354 

7 023 

0 851 

25 

Bare 

44 4 2 

151 1 

0 0376 

7 630 

0 924 

26- 

Bare 

39 4 

151 1 

0 0338 

10 694 

1 296 

27 

Bare 

34 0 

151 1 

0 0384 

13 500 

1 636 

28 

Bare 

28 7 

151 1 

0 0341 

12 354 

1 497 

29 

Bare 

23 6 

151 1 

0 0335 

9 009 

1 092 

Run 1169 

1 

Cd 

0 

89 4 

0 0343 

2 038 


2 

Cd 

0 

59 6 

0 0363 

0 24l 


3 

Cd 

0 

29 1 

0 0371 

0 0077 


4 

Cd 

93 2 

151 l 

0 0312 

0 640 


5 

Cd 

123 0 

151 1 

0 0273 

0.025 


6 

Cd 

153 4 

151 1 

0 0385 

0 0030 
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TABLE 5 8 
(Continued) 


Run 1169 


Foil 

Number 

Foil 

Type 

Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific 
Activity g 
d/m-g x 10" 

Local to 
Foil (X) 

T 

Module 

Bare 

3 at 90° 
4 0 

92 5 

0 0399 

5 350 

0 648 

8 

Bare 

4 0 

121 0 

0 0302 

5 497 

0 666 

9 

Bare 

4 0 

151 5 

0 0385 

5 533 

0 670 

10 

Bare 

4 0 

182 0 

0 0333 

5 109 

0 619 

11 

Bare 

4 0 

210 5 

0 0373 

5 085 

0 616 

12 

Bare 

15 4 

92 5 

0 0352 

5 883 

0.713 

13 

Bare 

15 4 

121.0 

0 0374 

6 323 

0 766 

l4 

Bare 

15 4 

151 5 

0 0388 

6 594 

0 799 

15 

Bare 

15.4 

182 0 

0 0385 

6 183 

0 749 

16 

Bare 

15 4 

210 5 

0 0392 

5 392 

0 653 

17 

Cd 

30 5 

151 1 

0 ’0390 

2 271 


18 

Cd 

53 3 

151 1 

0 0397 

1 901 


19 

Cd 

76 2 

151 1 

0 o4i8 

1 327 


Run 1170 

1 

Bare 

0 

82 5 

0 0369 

10 005 

1 212 

2 

Bare 

0 

67 2 

0 o4io 

8 563 

1 037 

3 

Bare 

0 

52 0 

0 0432 

5 832 

0 707 

4 

Bare 

100 1 

151 1 

0 0323 

7 938 

0 962 

5 

Bare 

115 4 

151 1 

0 0386 

5 959 

0 722 

6 

Bare 

130 6 

151 1 

0 0402 

4 118 

0 499 

7 

Bare 

0 

212 0 

0 0357 

6 915 

0 838 

8 

Bare 

15 2 

212 0 

0 04ll 

7 249 

0 878 

9 

Bare 

30 5 

212 0 

0 0379 

8 385 

1 016 

10 

Bare 

45 7 

212 0 

0 0360 

7 063 

0 856 

11 

Bare 

61 0 

212 0 

0 0381 

5 622 

0 681 

12 

Bare 

76 2 

212 0 

0 0404 

5 358 

0 649 

13 

Bare 

91 4 

212 0 

0 0399 

5 010 

0 607 

14 

Cd 

30 5 

212 0 

0 0392 

2 765 


15 

Cd 

61 0 

212 0 

0 04l4 

0 978 


16 

Cd 

91 4 

212 0 

0 0368 

1 444 


17 

Module 

Bare 

7 on Inner Surface of Polystyrene 
17 5 3 153 6 0 0390 6 485 

0 786 

18 

Bare 

17 5 

153 6 

0 0367 

6 709 

0 813 

19 

Bare 

17 5 

153 6 

0 0376 

7 229 

0 876 

20 

Bare 

17 5 

153 6 

0 0361 

7 273 

0 881 

21 

Bare 

17 5 

153 6 

0 0356 

7 246 

0 878 

22 

Bare 

17 5 

153 6 

0 04l8 

6 802 

0 824 

23 

Bare 

17 5 

153 6 

0 0380 

6 644 

0 805 

24 

Bare 

17 5 

153 6 

0 0420 

6 339 

0 768 


37 


TABLE 5 8 

( Continued) 


Run H70 


Eoil 

Number 

Foil 

fype 

Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific 
Activity . 
d/m~g x 10~ 6 

Local to 
Foil («) 


Module 

7 on Outer Surface of Polystyrene 


25 

Bare 

22 5 3 

153 € 

0.0475 

6 726 

0.815 

26 

Bare 

22 5 

153 6 

0 0425 

7 4l6 

0 947 

27 

Bare 

22.5 

153 6 

0 0307 

8 030 

0.973 

28 

Bare 

22 5 

153 6 

0 0417 

8 115 

0 983 

29 

Bare 

22 5 

153 6 

0 0318 

8 298 

1 005 

30 

Bare 

22 5 

153 6 

0 0421 

7 714 

0 935 

31 

Bare 

22 5 

153 6 

0 0335 

7 328 

0.888 

32 

Bare 

22 5 

153 6 

0 0350 

6 902 

0 836 


Module 

4 on Inner Surface of Polystyrene 


33 

Cd 

17 5 4 

153 6 

0 0337 

1 829 


34 

Cd 

17 5 

153 6 

0 04l6 

1 566 


35 

Cd 

17 5 

153 6 

0 0348 

1 674 


36 

Cd 

17 5 

153 6 

0 0339 

1 758 


Run 1171 







1 

Cd 

0 

74 9 

0 0338 

1 151 


2 

Cd 

0 

44 4 

0 0357 

0 0433 


3 

Cd 

107 7 

151 1 

0 0282 

0 167 


b 

Cd 

138 0 


0 0338 

0 0069 



Module 

1 at 90° 





5 

Bare 

4 0 

92 5 

0 0298 

7 746 

0 939 

6 

Bare 

4 0 

121 0 

0 0328 

8 049 

0 975 

7 

Bare 

4 0 

151 5 

0 0302 

8 253 

1 000 0 

8 

Bare 

4 0 

182 0 

0 0483 

7 111 

0 862 

9 

Bare 

4 0 

210 5 

0 0409 

6 873 

0 833 

10 

Bare 

15 4 

92 5 

0 0426 

8 738 

1. 059 

11 

Bare 

15 4 

121 0 

0 0364 

9 391 

1 138 

12 

Bare 

15 4 

151 5 

0 0325 

9 806 

1 188 

13 

Bare 

15 4 

182 0 

0 0319 

8 951 

1 085 

14 

Bare 

15 4 

210 5 

0 0308 

7 943 

0 962 


Module 

4 on Outer Surface of Polystyrene 


15 

Cd 

22 5 4 

153 6 

0 0348 

1- 844 


16 

Cd 

22 5 

153 6 

0 0421 

1 6l4 


17 

Cd 

22 5 

153 6 

0 0345 

1 754 


18 

Cd 

22 5 

153 6 

0 0391 

1 780 
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TABLE 5 8 
(Continued) 


Bun 1172 




Location 








Foil 

Specific 


Foil 

Foil 

Radial 

Axial 

Weight 

Activity g 

Local to 

Humber 

Type 

(cm) 

(cm) 

(«) 

d/m-g x 10" 

Foil (X) 


Module 

1 at 90° 





1 

Cd 

1 + 0 

92 5 

0 0370 

1 987 


2 

Cd 

k 0 

151 5 

0 0367 

2 241 


3 

Cd 

b 0 

210 5 

0.0361 

1 585 


4 

Cd 

15 4 

92 5 

0 0368 

1 985 


5 

Cd 

15 4 

151 5 

0 0359 

2 352 


6 

Cd 

15-4 

210 5 

0 0396 

1 586 


7 

Cd 

0 

74 9 

0 0360 

1 144 


8 

Cd 

0 

44 4 

0 0401 

0 0338 


9 

Cd 

107 7 

151 1 

0 0428 

0 134 


10 

Cd 

138 0 

151 1 

0 0357 

0 0064 


Bun 1173 







1 

Bare 

0 

89 4 

0 0350 

8 602 

1 042 

2 

Bare 

0 

74.9 

0 0355 

10 769 

1 305 

3 

Bare 

0 

59 6 

0 0346 

8 547 

1 036 


Bare 

0 

44 4 

0 0347 

4 744 

0 575 

5 

Bare 

0 

29 1 

0 0352 

3 131 

0 379 

6 

Bare 

0 

13 9 

0 0349 

1 450 

0 176 

7 

Bare 

0 

0 

0 0347 

0 116 

0 014 

8 

Bare 

93 2 

151 1 

0 0356 

9 356 

1 134 

9 

Bare 

107 7 

151 l 

0 0350 

7 438 

0 901 

10 

Bare 

123 0 

151 1 

0 0357 

5 379 

0 652 

11 

Bare 

138 2 

151 1 

0 0361 

2 821 

0 342 

12 

Bare 

153 4 

151 1 

0 0353 

1 505 

0 182 

13 

Bare 

168 7 

151 1 

0 0352 

0 4o8 

0 049 

lb 

Bare 

183 9 

151 1 

0 0354 

0 115 

0 014 


Module 

3 at 90° 





15 

Cd 

4 0 

92 5 

0 0347 

1 640 


1 6 

Cd 

4 0 

151 5 

0 0374 

1 749 


17 

Cd 

4 o 

210 5 

0 0379 

1 486 


18 

Cd 

15 4 

92 5 

0 0343 

1 515 


19 

Cd 

15 4 

151 5 

0 0348 

1 826 


20 

Cd 

15 4 

210 5 

0 0350 

1 38o 


21 

Cd 

0 

212 0 

0 0350 

1 667 


22 

Cd 

23 6 1 

151 1 

0 0354 

2 682 


23 

Cd 

45 7 

151 1 

0 0351 

2.295 


2b 

Cd 

68 6 

151 1 

0 0344 

2 185 


25 

Cd 

90 7 p 

151 1 

0 0358 

0 700 


26 

Cd 

44 4 2 

151 1 

0 0350 

2 131 


27 

Cd 

34 0 

151 1 

0 0360 

2 552 


28 

Cd 

23 6 

151 1 

0 0350 

2 664 
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TABLE 5.8 
(Continued) 


Run 1174 




Bocation 

Foil 


Specific 


Boil 

Foil 

Radial 

Axial 

Weight 


Activity c 

Local to 

umber 

Type 

(cm) 

(cm) 

(8) 

d/m-g x 10 

Foil (X) 

1 

Bare 

0 

89 ' 4 

0 0349 


7 970 

1 04l 

2 

Bare 

0 

74 9 

0 0349 


9 795 

1 280 

3 

Bare 

0 

59 6 

0.0349 


7 -146 

0 933 

4 

Bare 

0 

44 4 

0 0350 


4 617 

0 603 

5 

Bare 

0 

29 1 

0 0350 


2 767 

0.361 

6 

Bare 

0 

13 0 

0 0348 


1 336 

0.175 

T 

Bare 

0 

0 

0 0349 


0 174 

0 023 

8 

Bare 

93 2 

151 1 

0 0350 


8.536 

1 115 

9 

Bare 

107 7 

151 1 

0 0350 


6 793 

0.887 

10 

Bare 

123 0 

151 1 

0 0349 


4 916 

0 642 

11 

Bare 

138 2 

151 1 

0 0352 


2 615 

0 342 

12 

Bare 

153 4 

151 1 

0 0354 


1 922 

0 251 

13 

Bare 

168 7 

151 1 

0 0352 


0 898 

0 117 

l4 

Bare 

183 9 

151 1 

0 0351 


0 122 

0 016 


Module 

1, 90° 






15 

Bare 

4 o 

151 1 

0 0350 


7 655 

1 000 (X) 

16 

Bare 

7 8 

151 1 

0 0348 


7 951 

1 039 

17 

Bare 

11 6 

151 1 

0 0350 


8 591 

1 122 

18 

Bare 

15 4 

151 1 

0 0353 


9-366 

1 223 

19 

Bare 

17 5 

151 1 

0 0362 


9 188 

1.200 

20 

Bare 

22 5 

151 1 

0 0353 


11 703 

1 529 


Module 

3, 270 c 

) 





21 

Bare 

15 4 

151 1 

0 0356 


7 364 

0 962 

22 

Bare 

11 6 

151 1 

0 0351 


6 725 

0-878 

23 

Bare 

7 8 

151 1 

0 0352 


6 159 

0 805 

24 

Bare 

4 o 

151 1 

0 0358 


5 866 

0 766 


Module 

1, Equivalent 90 

1° 




25 

Cd 

17 5 

151 1 

0 0351 


2 372 


26 

Cd. 

22 5 

151 l 

0 0349 


2 370 



Traverse from 

Module 1 

to Module 

3 



27 

Bare 

23 6 

151 1 

0 0351 


10 891 

1 423 

28 

Bare 

28 7 

151 1 

0 0350 


12 676 

1 656 

29 

Bare 

34 0 

151 1 

0 0350 


13 073 

1.708 

30 

Bare 

39 4 

151 1 

0 0349 


11 686 

1 527 

31 

Bare 

44 4 

151 1 

0 0351 


8 947 

1 169 

1 Traverse m B^O between modules 5 and 6 

(foils 15 to 

24) 


2 Traverse m D^O from module 1 to module 3 (foils 25 to 29) 

3 Circumferential traverse at 45° intervals going clockwise starting 
at 0° 

4 Circumferential traverse at 90° intervals going clockwise starting 
at 0° 
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TABLE 5 9 


Power Normalization Factors 
7-Module Reactor - 0 55 Radius Ratio 


Run 

Count 

Time 

Decay 

Time 

(mm) 

Correction 

Factor 

1168 

1 

58 5 

1 207 



60 0 

1 24? 



62 5 

1 311 

1169 


25 5 

0 496 


— 

27 0 

0 523 


— 

29 0 

0 559 

1170 


67 0 

1 420 



69 0 

l 473 



71 0 

1 527 

1171 


34 5 

0 665 



36 0 

0 695 



37 5 

0 725 

1172 

1205 52 

60 5 

1 258 


1207 02 

62 0 

1 285 


1208 52 

63 5 

1 326 

1173 

15^1 72 

37 48 

0 725 


1544 22 

39 98 

0 777 


1546 22 

4l 98 

0 820 

1174 

1250 42 

68 50 

1 46o 


1252 42 

70 50 

1 514 


1254 42 

72 50 

1 567 



Corrected 

Normalization 

CPM 

CPM 

Factor 

355273 

428815 

1 

343880 

428131 


326521 

428069 

428338 

1 000 

882600 

437770 


837570 

438049 


781968 

437120 

437646 

0 979 

307320 

436394 


296811 

437203 


286463 

437429 

437009 

0 980 

649851 

432151 


620744 

431417 


595017 

431387 

431652 

0 992 

346652 

436088 


337089 

433159 


326996 

433597 

434281 

0 986 

550736 

399284 


515822 

400794 


489914 

401729 

400602 

1 069 

298028 

435121 


287488 

435257 


277596 

434993 

435124 

0 984 


1 Digital clock not operating Decay time determined from stop watch 





TABLE 5 10 


Gold Foil Cadmium Ratios 
T-Module Reactor - Exhaust Nozzle Removed 
0 55 Radius Ratio 


Location Infinitely Dilute Foil Activity 


Radial 

Axial 

Module 

Angle 

d/m-g x 

10“° 

Cadmium 

(cm) 

(cm) 

Number 

(°cv) Cd 

Covered Foil 

Bare Foil 

Ratio 

0 

89 4 



4 700 

10 90 

2 32 

0 

74 9 



2 639 

11 82 

4 48 

0 

59 6 



0 569 

7 986 

14 o4 

0 

44 4 



0 1015 

4 735 

46 7 

0 

29 1 



0 0183 

2 876 

157 

93 2 

151 l 



1 421 

9 605 

6 76 

107 7 

151 1 



0 356 

7 237 

20 3 

123 0 

151 1 



0 0527 

5 100 

96 8 

138 2 

151 1 



0 0158 

3 079 

195 

153 4 

151 1 



0 00725 

1 700 

235 


Traverse Between Modules 5 & 

6 



23 6 

151 1 



6 266 

14 23 

2 27 

30 5 

151 1 



5 521 

16 62 

3 01 

45 7 

151 1 



5 343 

15 95 

2 99 

53 3 

151 1 



4 656 

14 80 

3 18 

68 6 

151 1 



5 043 

13 55 

2 69 

76 2 

151 1 



3 321 

11 64 

3 51 

90 7 

151 1 



1 643 

7 963 

4 85 


Traverse from Module 1 to 3 




23 6 

151 1 



6 195 

12 49 

2 02 

34 0 

151 1 



6 003 

17 02 

2 83 

44 4 

151 1 



4 955 

10 52 

2 12 


Inside 

CH on Module 7 




17 5 

151 1 

7 

0 

3 884 

8 771 

2 26 

17 5 

151 1 

7 

90 

4 035 

9 579 

2 37 

17 5 

151 1 

7 

180 

4 188 

9 646 

2 30 

17 5 

151 1 

7 

270 

3 911 

8 929 

2 28 


Outside 

CH on Module 7 




22 5 

151 1 

7 

0 

4 055 

9 246 

2 28 

22 5 

151 1 

7 

90 

4 332 

10 40 

2 40 

22 5 

151 1 

7 

180 

4 278 

10 66 

2 49 

22 5 

151 1 

7 

270 

4 051 

9 584 

2 37 

4 0 

92 0 

1 

90 

4 727 

10 30 

2 18 

4 0 

151 5 

1 

90 

5 313 

11 l4 

2 10 

4 0 

210 5 

1 

90 

3 733 

9 100 

2 44 

15 4 

92 0 

1 

90 

4 712 

11 58 

2 46 

15 4 

151 5 

1 

90 

5 526 

12 88 

2 33 

15 4 

210 5 

1 

90 

3 880 

10 07 

2 59 
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TABLE 5 10 


(Continued) 


Location 



Infinitely Dilute Foil Activity 


Radial 

Axial 

Module 

Angle 

d/m-g x 10 ° 


Cadmium 

(cm) 

(cm) 

Number 

(°cv) 

Cd Covered 

Foil Bare Foil 

Ratio 

4 0 

92 0 

3 

90 

3 800 

7 

602 

2 00 

4 0 

151 5 

3 

90 

4 179 

7 

984 

1 91 

4 0 

210 5 

3 

90 

3 570 

7 

159 

2 01 

15 4 

92 0 

3 

90 

3 494 

7 

878 

2 25 

15 4 

151 5 

3 

90 

4 236 

9 

084 

2 14 

15 4 

210 5 

3 

90 

3 209 

7 

284 

2 27 


Traverse at Separation 

Plane Across 

Modules 1 & 3 



0 

212 0 



3 876 

9 

138 

2 36 

30 5 

212 0 



6 736 

12 

32 

1 83 

6l 0 

212 0 



2 438 

7 

047 

2 89 

91 4 

212 0 



3 427 

7 

04l 

2 05 
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TABLE 5 11 


Thermal Neutron Flux 

T-Module Reactor - Exhaust Nozzle Removed 
0 55 Radius Ratio 


Location 


Radial 

Axial 



Thermal Neutron ] 

(cm) 

(cm) 

Additional Explanation of Location n/cm 2 -sec-watt- x 

0 

89 4 

End Reflector 


3 763 

0 

74 9 

(Bare foil data from Run 

1168 ) 

5 650 

0 

59 6 

(Bare foil data from Run 

1168 ) 

4 229 

0 

44 4 

(Bare foil data from Run 

1168 ) 

2 956 

0 

29 1 

(Bare foil data from Run 

1168 ) 

1 678 

0 

89 4 

End Reflector _ - 


4 260 

0 

74 9 

(Bare foil data from Run 

1173) 

6 24i 

0 

59 6 

(Bare foil data from Run 

1173) 

5 374 

0 

44 4 

(Bare foil data from Run 

1173) 

3 043 

0 

29 l 

(Bare foil data from Run 

1173) 

2 022 

0 

89 4 

End Reflector 


3 848 

0 

74 9 

(Bare foil data from Run 

1174) 

5 604 

0 

59 6 

(Bare foil data from Run 

1174) 

4 466 

0 

44 4 

(Bare foil data from Run 

1174) 

2 960 

0 

29 l 

(Bare foil data from Rian 

1174) 

1 786 

93 2 

151 1 

Radial Reflector 


4 932 

107 7 

151 1 

(Bare foil data from Run 

1168 ) 

4 192 

123 0 

151 1 

(Bare foil data from Run 

1168 ) 

3 064 

138 2 

151 1 

(Bare foil data from Rim 

1168 ) 

2 125 

153 4 

151 l 

(Bare foil data from Run 

1168 ) 

1 220 

93 2 

151 1 

Radial Reflector 


5 664 

107 7 

151 1 

(Bare foil data from Rim 

1173) 

4 716 

123 0 

153, l 

(Bare foil data from Run 

1173) 

3 466 

138 2 

151 1 

(Bare foil data from Run 

1173) 

1.822 

153 4 

151 l 

(Bare foil data from Run 

1173) 

0 972 

93 2 

151 1 

Radial Reflector 


5 129 

107 7 

151 1 

(Bare foil data from Run 

1174) 

4 297 

123 0 

151 1 

(Bare foil data from Rim 

1174) 

3 167 

138 2 

151 1 

(Bare foil data fpom Run 

1174) 

1 688 

153 4 

151 1 

(Bare foil data from Run 

1174) 

1 242 

23 6 

151 1 

Between Modules 5 & 6 


5 145 

30 5 

151 1 

Between Modules 5 & 6 


7 184 

38 1 

151 1 

Between Modules 5 & 6 


7 354 1 

45 7 

151 l 

Between Modules 5 & 6 


6 869 

53 3 

151 1 

Between Modules 5 & 6 


6 578 

6i o 

151 1 

Between Modules 5 & 6 


5 483 1 

68 6 

151 l 

Between Modules 5 & 6 


5.506 

76 2 

151 l 

Between Modules 5 & 6 


5 387 

83 8 

151 l 

Between Modules 5 & 6 


4 591 1 

90 7 

151 l 

Between Modules 5 & 6 


4 091 




TABLE 5 11 


(Continued) 


Location 

Radial Axial 
(cm) (cm) 

Thermal Neutron Flux^ 

Additional Explanation of Location n/cm 2 -see-watt x 10 

23 6 

151 l 

From Module 1 to Module 3 

4 076 

28 7 

151 1 

(Bare foil data from Run 1168) 

6 274 1 

34 0 

151 l 

(Bare foil data from Run ll68) 

7 130 

39 4 

151 1 

(Bare foil data from Run 11 68 ) 

5 312 1 

44 4 

151 l 

(Bare foil data from Run 1168) 

3 600 

23 6 

151 1 

From Module 1 to Module 3 

5 236 

28 7 

151 1 

(Bare foil data from Run 11T4) 

6 501 1 

34 0 

151 1 

(Bare foil data from Run 11T4) 

6 778 

39 4 

151 1 

(Bare foil data from Run 1174) 

5 975 1 

44 4 

151 1 

(Bare foil data from Run 1174) 

4 413 

17 5 

153 6 

Inner Surface of CH, Module 1 at 90° 

4 430 

22.5 

153 6 

Outer Surface of CH, Module 1 at 90° 

6 047 

17 5 

153 6 

Module 7s 0° cw 

3 164 

IT 5 

153 6 

Module 7, 90° cw 

3 589 

17 5 

153 6 

Module 7 , l80° cw 

3 533 

IT 5 

153 6 

Module 7, 270° cw 

3 248 

22 5 

153 6 

Module 7, 0° cw 

3 36l 

22 5 

153 6 

Module 7 5 90° cw 

3 927 

22 5 

153 6 

Module 7 5 l80° cw 

4 134 

22 5 

153 6 

Module 7, 270° cw 

3 577 

4 0 

92 5 

Module 1, 90° cw 

3 6ll 

4 0 

151 5 

Module 1, 90° cw 

3 773 

4 o 

210 5 

Module 1, 90° cw 

3 475 

15 4 

92 5 

Module 1, 90° cw 

4 447 

15 4 

151 5 

Module 1, 90° cw 

4 763 

15 4 

210 5 

Module 1, 90° cw 

4 005 

4 o 

92 5 

Module 3, 90° cw 

2 4 61 

4 o 

151 5 

Module 3, 90° cw 

2 463 

4 o 

210 5 

Module 3, 90° cw 

2 323 

15 4 

92 5 

Module 3, 90° cw 

2 838 

15 4 

151 5 

Module 3, 90° cw 

3 138 

15 4 

210 5 

Module 3, 90° cw 

2 638 

0 

212 0 

Separation Plane from Module 1 to Module 3 

3 406 

30 5 

212 0 

Separation Plane from Module 1 to Module 3 

3 613 

6l 0 

212 0 

Separation Plane from Module 1 to Module 3 

2 984 

91 4 

212 0 

Separation Plane from Module 1 to Module 3 

2 339 

4 o 

151 1 

Module 1 at 90° cw 

3 466 1 

15 4 

151 1 

(Bare foil data from Run 1174) 

4 519 1 

4 o 

151 1 

Module 3 at 270° cw 

2 640 1 

15 4 

151 1 

(.Bare foil data from Run 1174) 

3 652 1 

1 

Thermal flux calculation "based on extrapolated cadmium covered 
foil activity 







45 1 cm 



Figure 5 3 Side view of fuel element 





Figure 5 ^ Layout of fuel sheets on fuel stage separation disc on 
the T module reactor fuel element with the 0 55 radius 
ratio loading 


h9 







Inverse multiplication 



Figure 5*5 Inverse multxplication curve for seven module reactor 


Percent rod worth withdrawn. 



Figure 5 6 Control Rod Shape Curve - seven actuators (21 rods) 
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Percent rod worth ■withdrawn 



Eat lometer Reading (digits) 

Figure 5.7 Control Rod Shape Curve - All Actuators (30 rods) 
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Uranium worth (%Ak/kg) 



Distance from center of module (cm) 


Figure 5 8 Uranium worth measurements - 7 module reactor with 
0 55 fuel to module radius ratio 
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5 


Relative axial power per unit fuel mass 



Figure 5*10 Relative axial power distribution m module 1, 0° at 
the core centerline, T module reactor with 0 55 fuel 
to module radius ratio 
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Relative axial power per unit fuel mass 
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Figure 5 12 Relative axial power distribution m module 3> 0° at 
the core centerline ^ 7 module reactor with 0.55 fuel 
to module radius ratio 
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Figure 5 13 Relative axial power distribution m module 3 , 
90 ° at the core centerline, 7 module reactor 
with O .55 fuel to module radius ratio 
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Figure 5 1^ Relative axial power distribution 

m Module 3 , 270° at the core center 
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Figure 5.14 Relative axial power distribution m module 3 , 
270° at the core center line, 7 module reactor 
with 0 55 fuel to module radius ratio 
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Relative radial power distribution 
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Figure 5.15 Relative radial power distribution in modules 1 and 3 based on axial average 
power distributions, J module reactor with 0 55 fuel to module radius ratio 
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Figure 5 16 Circumferential power distribution on outside fuel ring, 0 55 radius ratio, 
7 module configuration 


'Catcher foil cadmium ratio 



Figure 5.17 Axial distribution of catcher foil cadmium ratios 
m modules 1 and 3, 7 module reactor with 0 55 
fuel to module radius ratio 
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Figure 5 18 Relative bare gold foil activity axial distribution 
m modules 1 and 3 j 7 module reactor with 0 55 fuel 
to module radius ratio 
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Figure 5 19 Relative bare gold foil activity circumferential distribution on inner and outer 
surfaces of the polystyrene m module 7 , 7 module reactor with 0 55 fuel to 

module radius ratio 
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Figure 5.20 Relative tare gold foil activity distribution m the regions between modules 
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Figure 5 21 Relative bare gold foil activity distribution across the end of the core at the 
separation plane from the center of module 1 across module 3> 7 module reactor 
with 0.55 fuel to module radius ratio 
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Figure 5 22 Relative bare gold foil activity distribution m the radial reflector, 7 module reactor 
with 0 55 fuel to module radius ratio 
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Figure 5.23 Relative bare gold, foil activity distribution in the end reflector, 7 module 
reactor with. 0 55 fuel to module radius ratio 


Gold Cadmium Ratio 



Radial position - cm 


Figure 5 2k Infinitely dilute gold cadmium ratio m region between fuel modules 
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Figure 5 25 Axial distribution of gold foil cadmium ratios in 
modules 1 and 3 at an angle of 90 ° ctr from core 
centerline 
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Figure 5.26 Circumferential distribution of gold foil cadmium ratio on inner'and outer surface 
of CH m module 7 
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Figure 5-27 Infinitely dilute gold cadmium ratios along center- 
lines of end and radial reflectors 
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Figure 5 28 Axial distribution of thermal neutron flux m 
modules 1 and 3 at 90 ° clockwise from core 
vertical centerline 
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Figure 5 29 Circumferential distribution of thermal neutron flux on the inner and outer 
surfaces of the polystyrene m module 7 
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Figure 5.30 Thermal neutron flux distribution across the core at the separation plane 
from module 1 across module 3 
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Figure 5 31 Radial distribution of thermal neutron flux from the center of the reactor across module 3 
and into the radial reflector, 7-module reactor -with 0 55 fuel to module radius ratio 
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Figure 5 32 Radial distribution of thermal neutron flux from module 1 through the D 2 0 between modules 
5 and 6 and into the radial reflector, 7-module reactor with 0 55 radius ratio 
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The change from the 0 55 to 0 J2 radins ratio core was 
made by adding two more rings of fuel, as shown m Figure 5-2 The 
fuel sheet loading was adjusted on the rings to give a lower average 
fuel density. It was initially expected that slightly over 7 kg of 
uranium would be the critical mass but as the change from 0 55 to 0 72 
radius ratio wa s gradually made, a heavier loading was needed The 
fuel stage separation discs were each loaded with four equivalent 
"size-one" sheets as shown in Figure 6.1 and specified m Table 6 1 
Twenty sheets of fuel were placed on the fuel rings for each stage. 

The changes which followed as the initial loading progressed are 
explained m the following section 

6.1 Initial Loading 

Rather than completely unload the reactor and start with 
an empty core, the fuel elements were changed one at a time and after 
each change a k-excess measurement was made. The fuel element m 
Module 2 was changed first and k-excess decreased about 1 4^k It 
was obvious of course, that the pre-selected 7 kg fuel loading was 
significantly deficient. No change was made to the separation discs 
hut one extra sheet was placed on the sixth and seventh rings and 
two sheets were added to the eighth ring of fuel. The loading on the 
rings then was as follows 

Ring Number 

1 

2 

3 

4 

5 

6 

7 

8 

TOTAL 

On this basis, each fuel element would contain 452 equivalent size 
1.0 fuel sheets or 1 18 kg of uranium based on 2 62 grams per sheet 

Prior to making any further changes, 48 sheets of fuel 
(126 grams) were placed on the outer ring of fuel m Module 2, making 
a total of 436 full size sheets m this module K-excess increased 
0.532+0.29/^ which gives a fuel worth at this outer radius ring of 

4. 2 310. 2 3/ik/kg. 


Number of Size 
1 0 Fuel Sheets 
1 
1 
2 
2 

3 

4 

5 

6 

2 r 


Ring Diameter 
(cm) 

6 l 

9 9 
13 7 
17 5 
21.3 
25 l 
2 8.9 
32 7 


79 



Module 5 fuel element -was then changed so that it contained 
452 .equivalent full size fuel sheets at a radius ratio of 0 72 and k-excess 
decreased only 0 . C6,$Vk . The remaining fuel element changes showed similar 
decreases m reactivity. Finally, with six elements having 452 and one 
having 436 equivalent size one sheets, excess reactivity was 0 627$dk 
with the exhaust nozzle tank removed from the reactor The total fuel 
loading was 3148 equivalent full-size sheets, or 8 24 kg of uranium 


6.2 Reactivity Measurements 

<* 

Th e worth of uranium was measured with the 0 72 radius ratio 
by using the same procedure as explained m Section 5-2 2 The ‘data 
are fgiven an Table 6.2 and Figure 6 2 The core volume-weighted average 
uranium worth was 4.08$dk/kg This compares to 3.93%4k/kg for the 0.55 
•radius ratio. The difference between these two numbers is of the order 
of the experimental error, and therefore is not considered significant 


The worth of aluminum was also measured and the same procedure 
was used as for the 0.55 radius ratio core. The data are shown m Table 
6 . 2 . The same aluminum and the same locations were used as for the 0,55 
'radius ratio core but a comparison of the two sets of data shows quite 
large variations as follows: 


Module 

1 

4 

4 


Angle 

(degrees cw) 


90 

150 

330 


Ratio of A1 worth 
for 0 55 to 0.72 
Radius Ratio Core 

0 65 

1.58 

0 67 


It appears that the value measured at 150 degrees on module 4 may 
have been m error, or that the aluminum worth measurements have a 30$ 
uncerta mty 

Increasing the radius ratio required the addition of two 
fUel rings. This m turn increased the mass of aluminum 12 2 kg 
If it is assumed that the aluminum was worth 0 026$Ak/kg, the addi- 
tional aluminum would have been worth '0. 317$0k or equivalent to about 
78 grams of uranium (aluminum negative, uranium positive) 


As noted earlier, each fuel element contained 452 equivalent 
size 1.0 fuel sheets except for Module 2 fuel element which contained 
436 sheets. The amount of fuel on the separation discs was the same^ 

"for all .fuel elements. The fuel rings >on Module 2 fuel element, how- 
ever, ^contained the following fuel;: 


Ring JTo. 
1 
2 

3 

4 

5 
,6 

7 

8 


Number of Fuel Sheets 
1 
1 
2 
2 
3 

3 

4 
7 


80 



Thus the total equivalent size 1 0 fuel sheets on this fuel element 
amounted to 435 or 1 6 less than the other seven. Although the fuel 
mass on this element was slightly less than the other seven, the equiv- 
alent worth of the fuel element should have been about the same as the 
other six because the outer fuel ring was loaded heavier and the fuel 
at that location is worth more than it could have been had it been dis- 
tributed over fuel rings nearer the center of the fuel element The 
total mass of uranium in the core was 8 24 kg and k-excess was 0 627 . 
Uranium was worth 4.08$^k/kg, and hence the critical mass was 8 09 kg 
This result includes no correction for the additional 12 2 kg of 
aluminum compared to the 0 55 radius ratio core This correction, 
based on 1 kg of Al being worth 0 025 ^k, is small, amounting' to the 
equivalent of 78 grams of uranium. Thus, the critical mass with the 
same structure and hydrogen that existed m the 0 55 R/R q reactor was 

8.01 kg The 0 55 R/Ro reactor had a critical mass of 8.64 kg Both 
of these results are with the exhaust nozzle open. 

6.3 Power jfepping - Catcher Foils 

The catcher foil data obtained in this configuration are 
given in Table 63 It will be noted that mostly bare foils were used 
Only four cadmium covered catcher foils were measured The axial 
profiles m Modules 1 and 3 are given m Figures 6 3 to 6 5 along with 
the averages for each profile These averages were then plotted to 
give the radial profile shown in Figure 6.6. Each of these radial 
power distribution profiles was then volume averaged and these values 
are given m the figure. These volume weighted averages represent 
the average axial power at the given axial position, relative to a 
power of 1 0 at the axial center of the core, k 0 cm from the radial 
centerline of the core. 

The four cadmium ratios given at the end of Table 6 3 were 
also from Modules 1 and 3» Although duplicate positions were not avail- 
able from the 0.55 radius ratio core, comparison with Table 5 7 indicates 
that the relative ratio of thermal to epi-thermal (epi-Cd) fissions was 
essentially the same m both cores 

6.k Flux tapping - Gold Foils 

6.4.1 Bare Gold Data 

As explained earlier in this report, power normalization 
foils were exposed on each run so that the gold data could be normalized 
to a common power level. These data are shorn m Tkble 6 4 There was 
a scram on Run 1175 so some gold foils were repeated on the subsequent 
run and the normalization factor was determined by comparing the two 
sets of data. 
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The gold results are given in Table 6.5 and include both 
bare and cadmium covered foils The bare activities were normalized 
to a point near the center of Module 7 and these relative values were 
plotted to show the distributions within the reactor as seen from Figures 
6.7 to 6,10 Everything appeared to be normal, following closely a smooth 
curve through the points. The dip m flux observed at the outer edge of 
Module 1 on the 0.55 radius ratio core (Figure 5*20) was barely evident 
here (Figure 6.8) but was more pronounced at the outer edge of module 3 

6.4.2 Cadmium Ratios 


Gold cadmium ratios (infinitely dilute) were obtained at 
several locations m the modules and the end and radial reflectors The 
radial distributions from near the center of the core through modules 
1 and 3 and through module 1 and across the tank between modules 5 and 6 
are given in fable 6.6 and plotted m Figures 6 11 and 6.12 The last 
point m each figure was just inside the radial reflector. The cadmium 
ratios m the reflector regions are shown in Figure 6.13 and compare 
very well with the same data from the 0.55 radius ratio core (Figure 5 27) 

6.4 3 Thermal Neutron Flux 


The thermal neutron flux obtained from the gold foil data 
are given m Table 6.7 Of primary interest were the radial profiles 
through the module region and into the radial reflector These are 
plotted m Figures 6.l4 and 6 15 A flux dip occurs between the outer 
edge of the fuel and the inner surface of the polystyrene as was noted 
for the 0.55 radius ratio core (Figure 5 31 ) However, there was no 
observed dip at the outer surface of the polystyrene as was the case 
for the 0.55 radius ratio. The thermal flux m the reflector was 
generally lower per watt of power throughout the core for the 0 72 radius 
ratio compared to the 0.55 radius ratio This appears paradoxical from 
customary fundamental considerations, since the fuel loading was less m 
the 0 72 radius ratio However, between the modules, the 0 72 radius 
ratio had the higher thermal flux 
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TABLE 6 1 


Fuel Sheets on Fuel Stage Separation Disc 
7-Module Reactor - 0 72 Radius Ratio Loading 


Disc Number 

Positions Containing 
Fuel 

Number of Fuel 
Whole Sheets 

Sheets 
1/2 Sheets 

1 

1,2,9,10 

4 


2 

3,4,7 ,8,11,12 

2 

4 

3 

5,6,13,11+ 

4 


4 

1,2,9,10 

4 


5 

3, 1+, 7, 8, 11, 12 

2 

4 

6 

5,6,13,11+ 

4 


7 

1,2,9,10 

4 


8 

3,4,7,8,11,12 

2 

4 

9 

5,6,13,14 

4 


10 

1,2,9,10 

4 


11 

3,4,7,8,11,12 

2 

4 

12 

5,6,13,14 

4 


13 

1,2,9,10 

4 


l4 

3,4,7,8,11,12 

2 

4 

15 

5,6,13,14 

4 


1 6 

1,2,9,10 

4 


17 

3,4,7,8,11,12 

2 

4 


Total 56 

24 
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TABLE 


Fuel Worth M' 
T -Module Reactor - 


Location 


Module 

Angle 

(degrees 

clockwise) 

Radius 

(cm) 

U Mass 
-(g).. 

1 

90 

4 0 

7 28 

1 

90 

7 8 

7 28 

1 

90 

11 6 

7 28 

1 

90 

15 4 

7 28 

3 

90 

4 0 

7 28 

3 

90 

7 8 

7 28 

3 

90 

11 6 

7 28 

3 

90 

15 4 

7 28 

3 

270 

7 8 

7 28 

3 

270 

15 4 

7 28 
A1 Mass 

(g) 

1 

90 

Avg 

540 

4 

150 


540 

4 

330 


54o 


84 
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Reactivity Change Uranium Worth 
(fok) ($Ak/kg) 


0 040510 003 
0 043310.003 
o o44o±o 003 
0 0507+0 003 

0 0242+0 003 
0 0247+0 003 
0 024810 003 
0 025810 003 

0 027210 003 
0 031310 003 


0 027810 003 
0 0105±0 003 
0 012110 003 


5 5610 4l 

5 95±0 4l 

6 04+0 4l 
6 9610 4i 

3 32+0 4i 
3 3910 4l 
3 4iio 4l 
3 54+0 4l 

3 74i0 4l 

4 30+0 4i 

Aluminum Worth 

(fck/kg) 

0 051±0 006 
0 019+0 006 
0 022+0 006 




TABLE 6 3 


Catcher Foil Data 

7-Module Reactor - 0 72 Radius Ratio Core 


Run 1175 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (X) 

1 

Bare 

1 

90 

k 0 

92 5 

226334 

1 007 

2 

Bare 

1 

90 

k 0 

105 8 

219714 

0 978 

3 

Bare 

1 

90 

k 0 

121 0 

227949 

1 0l4 

4 

Bare 

1 

90 

It 0 

151 5 

224649 

1 000 (x) 

5 

Bare 

1 

90 

it 0 

182 0 

205035 

0 912 

6 

Bare 

1 

90 

4 o 

197 2 

197305 

0 878 

7 

Bare 

1 

90 

4 o 

210 5 

203469 

0 906 

8 ' 

Bare 

1 

90 

7 8 

92 5 

226600 

1 008 

9 

Bare 

1 

90 

7 8 

105 8 

227671 

1 013 

10 

Bare 

1 

90 

7 8 

121 0 

227779 

1 oi4 

11 

Bare 

1 

90 

7 8 

151 5 

242290 

l 078 

12 

Bare 

1 

90 

7 8 

182 0 

214449 

0 954 

13 

Bare 

1 

90 

7 8 

197 2 

202414 

0 901 

14 

Bare 

1 

90 

7 8 

210 5 

202240 

0 900 

15 

Bare 

1 

90 

11 6 

92 5 

234076 

1 042 

16 

Bare 

1 

90 

11 6 

105 8 

232481 

1 035 

17 

Bare 

1 

90 

11 6 

121 0 

237486 

1 057 

18 

Bare 

1 

90 

11 6 

151 5 

244226 

1 087 

19 

Bare 

1 

90 

li 6 

182 0 

218231 

0 971 

20 

Bare 

1 

90 

li 6 

197 2 

212359 

0 945 

21 

Bare 

1 

90 

11 6 

210 5 

202000 

0 899 

22 

Bare 

1 

90 

15 4 

92 5 

243441 

1 083 

23 

Bare 

1 

90 

15 4 

105 8 

244753 

1 089 

24 

Bare 

1 

90 

15 4 

121 0 

256822 

1 143 

25 

Bare 

1 

90 

15.4 

151 5 

250966 

1 117 

26 

Bare 

1 

90 

15.4 

182 0 

236877 

1 054 

27 

Bare 

1 

90 

15 4 

197 2 

227759 

1 oi4 

28 

Bare 

1 

90 

15 4 

210 5 

215024 

0 957 

29 

Bare 

3 

90 

4 0 

92 5 

168345 

0 749 

30 

Bare 

3 

90 

4 0 

105 8 

165033 

0 734 

31 

Bare 

3 

90 

4.0 

121 0 

162244 

0 722 

32 

Bare 

3 

90 

4 0 

151 5 

169324 

0 753 

33 

Bare 

3 

90 

4 0 

182 0 

163460 

0 727 

3k 

Bare 

3 

90 

4 0 

197 2 

155842 

0.693 

35 

Bare 

3 

90 

4 o 

210 5 

158866 

0 707 

36 

Bare 

3 

90 

7 8 

92 5 

158030 

0 703 

37 

Bare 

3 

90 

7 8 

105 8 

170390 

0 758 

38 

Bare 

3 

90 

7 8 

121 0 

164175 

0 731 

39 

Bare 

3 

90 

7 8 

151 5 

172809 

0 769 

4o 

Bare 

3 

90 

7 8 

182 0 

159689 

0 711 
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TABLE 6 3 
(Continued) 


Run 1175 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (X) 

4l 

Bare 

3 

90 

7 8 

197 2 

157429 

0 701 

42 

Bare 

3 

90 

7 8 

,210 5 

158046 

0 703 

43 

Bare 

3 

90 

11-6 

92 5 

169913 

0 756 

44 

Bare 

3 

90 

11 6 

105 8 

170430 

0 758 

45 

Bare 

3 

90 

11 6 

121 0 

168733 

0 751 

k 6 

Bare 

3 

90 

11 6 

151 5 

171289 

0 762 

47 

Bare 

3 

90 

ll 6 

182 0 

161984 

0 721 

48 

Bare 

3 

90 

11 6 

197 2 

155039 

0 690 

49 

Bare 

3 

90 

11 6 

210 5 

152414 

0 678 

50 

Bare 

3 

90 

15 k 

92 5 

176127 

0 784 

51 

Bare 

3 

90 

15 4 

105 8 

162904 

0 725 

52 

Bare 

3 

90 

15 4 

121 0 

182217 

0.811 

53 

Bare 

3 

90 

15 k 

151 5 

186512 

0 830 

54 

Bare 

3 

90 

15 k 

182 0 

169581 

0 755 

55 

Bare 

3 

90 

15 k 

197 2 

158910 

0 707 

56 

Bare 

3 

90 

15 4 

210.5 

151581 

0 675 

Run 1176 

1 

Bare 

3 

270 

15 4 

92 5 

207646 

0 924 

2 

Bare 

3 

270 

15 4 

105 8 

186690 

0 861 

3 

Bare 

3 

270 

15 4 

121 0 

202542 

0 901 

4 

Bare 

3 

270 

15 4 

151 5 

205524 

0 915 

5 

Bare 

3 

270 

15 4 

182 0 

191865 

0 854 

6 

Bare 

3 

270 

15 4 

197 2 

179356 

0 798 

7 

Bare 

3 

270 

15 4 

210 5 

184518 

0 821 

8 

Bare 

3 

270 

11 6 

92 5 

187196 

0 833 

9 

Bare 

3 

270 

ll 6 

105 8 

193520 

O.831 

10 

Bare 

3 

270 

11 6 

121 0 

184803 

0 822 

11 

Bare 

3 

270 

ll 6 

151 5 

182879 

0 8l4 

12 

Bare 

3 

270 

ll 6 

182 0 

176486 

0 785 

13 

Bare 

3 

270 

11 6 

197 2 

171025 

0 761 

lit 

Bare 

3 

270 

ll 6 

210 5 

171823 

0 765 

15 

Bare 

3 

270 

7 8 

92-5 

180427 

0.803 

16 

Bare 

3 

270 

7 8 

105 8 

180012 

0 801 

17 

Bare 

3 

270 

7 8 

121 0 

173652 

0 773 

18 

Bare 

3 

270 

7 8 

151 5 

177323 

0 789 

19 

Bare 

3 

270 

7 8 

182 0 

171411 

0.763 

20 

Bare 

3 

270 

7 8 

197 2 

166390 

0 740 

21 

Bare 

3 

270 

7 8 

210 5 

170880 

0 760 
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TABLE 6 3 
(Continued) 


Run 1176 


Location 


Foil 

Number 

Foil 

Type 

Module 

Number 

Angle 

(°cw) 

Radial 

(cm) 

Axial 

(cm) 

Normalized 

Counts 

Local to 
Foil (X) 

22 

Bare 

3 

270 

4 0 

92 5 

174455 

0 

776 

23 

Bare 

3 

270 

4 0 

105 8 

170722 

0 

760 

2k 

Bare 

3 

270 

4 0 

121 0 

170162 

0 

757 

25 

Bare 

3 

270 

4 0 

151 5 

172971 

0 

770 

26 

Bare 

3 

270 

4 0 

182 0 

163387 

0 

727 

27 

Bare 

3 

270 

4.0 

197 2 

163064 

0 

726 

28 

Bare 

3 

270 

4 0 

210 5 

167506 

0 

745 

Run 1177 

1 

Cd 

1 

90 

4 0 

182 0 

5797 

35 

4 

2 

Cd 

1 

90 

15 4 

182 0 

5781 

4l 

0 

3 

Cd 

3 

90 

4 0 

182 0 

4420 

37 

0 

k 

Cd 

3 

90 

15 k 

182 0 

4291 

39 

5 
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TABLE 6 4= 


Power Normalization 
7-Module Reactor - 0 72 Radius Ratio 


Run 

Time of 
Count 

Decay- 

Time 

Correction 

Factor 

1175 

1158 08 

1200 08 

1201 58 

66 00 
68 00 
69 50 
Scrammed 

1 393 
1 447 
1.487 

after 6 mm 

1176 

1114 85 
1116 85 
1118 85 

43 50 
45 50 
47 50 

0 852 
0 897 

0 942 

1177 

1500 82 
1503 32 
1505 32 

55 00 
57 50 
59 50 

1 120 
1 182 
1 232 


Counts 

Corrected 
Average 
Counts /min 

Normalization 

Factor 

287979 

277810 

266871 

401155 

401991 

396837 

399994 

0 996 1 

501489 

475391 

452915 

427269 

426426 

426646 

426780 

1 000 

377551 

358516 

343986 

422857 

423766 

423791 

423471 

0 992 


1 Based on gold foil repeat data on Run 1176 
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TABLE 6 5 


Gold Foil Data 

7-Module Reactor - 0 J 2 Radius Ratio 


Run 1175 

Location 


Foil 

Foil 

Radial 

Axial 

Foil Weight 

Specific Activity 

Local tov 

Number 

Type 

(cm) 

(cm) 

U ) 

d/m-g x 10 - 6 

Foil (X) 

1 

Bare 

0 

89 4 

0 0343 

8 318 

1 019 

2 

Bare 

0 

74 9 

0 0343 

10 024 

1 228 

3 

Bare 

0 

59 6 

0 0343 

7 430 

0 910 

4 

Bare 

0 

44 4 

0 0340 

4 995 

0 612 

5 

Bare 

0 

29 1 

0 0340 

3 06l 

0 375 

6 

Bare 

0 

13 9 

0 0339 

1 543 

0 189 

7 

Bare 

0 

0 

0 o34o 

0 196 

0 024 

3 

Bare 

93 2 

151 1 

0 0337 

8.317 

1 019 

9 

Bare 

107 7 

151 1 

0 0338 

6 772 

0 830 

10 

Bare 

123 0 

151 1 

0 0338 

4 744 

0 581 

11 

Bare 

138 2 

151 1 

0 0339 

3 201 

0 392 

12 

Bare 

153 b 

151 1 

0 0337 

1 930 

0 237 

13 

Bare 

168 7 

151 1 

0 0338 

0 871 

0 107 

1^ 

Bare 

183 7 

151 1 

0 0338 

0 120 

0 015 


Module 

1, 90° 





15 

Bare 

4 0 

136 3 

0 0337 

8 278 

1 014 (xf 

16 

Bare 

7 8 

136 3 

0 0338 

8 452 

1 036 

17 

Bare 

11 6 

136 3 

0 0338 

8 684 

1 064 

13 

Bare 

15 4 

136 3 

0 0338 

9 ill 

1 116 

19 

Bare 

4 0 

166 8 

0 0338 

8 042 

0 985 (x) 

20 

Bare 

7 8 

166 8 

0 0339 

7 883 

0 966 

21 

Bare 

11 6 

l66 8 

0 0338 

8 032 

0 984 

22 

Bare 

15 4 

166 8 

0 0338 

8 324 

1 020 


Module 

3, 90° 





23 

Bare 

4 0 

136 3 

0 0338 

6 020 

0 738 

24 

Bare 

7 8 

136 3 

0 0338 

5 985 

0 733 

25 

Bare 

11 6 

136 3 

0 0338 

5 963 

0 731 

2 6 

Bare 

15 4 

136 3 

0 0338 

6 386 

0 783 

27 

Bare 

4 0 

166 8 

0 0338 

6 020 

0 738 

28 

Bare 

7 8 

166 8 

0 0338 

5 805 

0 711 

29 

Bare 

11 6 

1 66 8 

0 0338 

5 700 

0 698 

30 

Bare 

15 4 

166 8 

0 0338 

6 138 

0 752 


Traverse from Module 1 

to 3 



31 

Bare 

23 6 

151 1 

0 0338 

10 878 

1 333 

32 

Bare 

28 7 

151 1 

0 0338 

12 979 

1 590 

33 

Bare 

34 0 

151 1 

0 0338 

13 266 

1 626 

34 

Bare 

39 4 

151 1 

0 0338 

11 896 

1 458 

35 

Bare 

44 4 

151 1 

0 0338 

8 973 

1 100 


Note: The standard normalizer location is at 151 5 cm axial position., midway 

between the two "Foil X 1 s " shown 
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TABLE 6 5 
(Continued) 


Bun 1175 


Foil Foil 
Number Type 

Location 

Radial Axial 

(cm) (cm) 

Foil Weight 
(g) 

Specific Activity Local to 
d/m-K x 10 - ° Foil (x) 


Traverse Bet-wen Modules 5 & 

6 




36 

Bare 

90 7 

151 1 

0 0338 

8 688 

1 

065 

37 

Bare 

83 8 

151 1 

0 ‘0338 

9.768 

1 

197 

38 

Bare 

76 2 

151 1 

0 0338 

10.752 

1 

318 

39 

Bare 

68 6 

151 1 

0 0339 

11 150 

1 

366 

4o 

Bare 

61 0 

151 1 

0 0339 

11 488 

1 

4o8 

4l 

Bare 

53 3 

151 1 

0 0338 

12 183 

1 

493 

42 

Bare 

45 7 

151 1 

0 0338 

13 24l 

1 

623 

43 

Bare 

38 1 

151 1 

0 0338 

14 003 

1 

716 

44 

Bare 

30 5 

151 1 

0 0337 

13 484 

1 

652 

45 

Bare 

23 6 

151 1 

0 0337 

11 117 

1 

362 


Outer 

Surface of CH 

m Module 3 




46 

Bare 

22 4 ( 270 °) 

165 3 

0 0337 

8 133 

0 

997 

47 

Bare 

22 4 (315°) 

165 3 

0 0337 

8 038 

0 

985 

48 

Bare 

22 4 ( 0 °) 

165 3 

0 0337 

7 741 

0 

949 

49 

Bare 

22 4 (45°) 

165 3 

0 0337 

7 117 

0 

872 

50 

Bare 

22 4 ( 90 °) 

165 3 

0 0337 

6 783 

0 

831 


Inner 

Surface of CH 

m Module 3 




51 

Bare 

17 5 ( 270 °) 

165 3 

0 0338 

6 812 

0 

835 

52 

Bare 

17 5 (315°) 

165 3 

0 0338 

6 867 

0 

84l 

53 

Bare 

17 5 ( 0 °) 

165 3 

0 0338 

6 534 

0 

801 

54 

Bare 

17 5 (45°) 

165 3 

0 0338 

6 539 

0 

801 

55 

Bare 

17 5 (90°) 

165 3 

Lost 


— 

— 


Outer 

Surface of CH 

m Module 1 




56 

Bare 

22 4 ( 270 °) 

165 3 

0 0339 

9 984 

1 

223 

57 

Bare 

22 4 (315°) 

165 3 

0 0337 

10 058 

1 

233 

58 

Bare 

22 _ 4 ( 0 °) 

165 3 

0 0337 

9 945 

1 

219 


Inner 

Surface of CH 

m Module 1 




59 

Bare 

17 5 ( 270 °) 

165 3 

0 0337 

8 659 

1 

061 

60 

Bare 

17 5 (315°) 

165 3 

0 0337 

8 736 

1 

071 

6 l 

Bare 

17 5 ( 0 °) 

165 3 

0 0337 

8 891 

1 

090 

Bun 1176 







1 

Cd 

0 

89 4 

0 0332 

2.113 



2 

Cd 

0 

59 6 

0 0333 

0 245 



3 

Cd 

0 

29 1 

0 0353 

0 00829 



4 

Cd 

93 2 

151 1 

0 0341 

0 627 



5 

Cd 

123 0 

151 1 

0 0345 

0 0221 



6 

Cd 

153 4 

151 1 

0 0340 

0 00333 
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TABLE 6 5 
(Continued) 


Bun 1176 


Foil 

Number 

Foil 

Type 

Location 

Radial Axial Foil Weight 

(cm) (cm) (g) 

Specific Activity 
d/m-g x 10“° 

Local to 
Foil iX) 


Module 3, 270° 





7 

Bare 

15 4 

136 3 

0 0293 

7 06l 

0 365 j 

8 

Bare 

11 6 

136 3 

0 0312 

6 669 

0 817 

9 

Bare 

7 8 

136 3 

0 0350 

6 274 

0 769 

10 

Bare 

4 0 

136 3 

0 0340 

6 138 

0 752 

11 

Cd 

15 4 

166 8 

0 0339 

1 764 


12 

Cd 

4 0 

166 8 

0 0340 

1 699 



Traverse from Module 

1 to 3 




13 

Cd 

23 6 

151 1 

0 0338 

2 520 


14 

Cd 

34 0 

151 1 

0.0340 

2 302 


15 

Cd 

44 4 

151 1 

0 0340 

1 754 



Traverse Between Modules 5 & 6 




16 

Cd 

23 6 

151-1 

0 0337 

2 532 


17 

Cd 

53 3 

151.1 

0 0339 

2 183 


18 

Cd 

83 8 

151 1 

0 0331 

1 009 



Outer 

Surface of CH 

m Module 1 




19 

Cd 

22 4 (270°) 

165 3 

0 0334 

2 345 


20 

Cd 

22 4 (0°) 

165 3 

0 0336 

2 351 



Inner 

Surface of CH : 

m Module 3 




21 

Cd 

17 5 (270°) 

165 3 

0 0338 

1 638 


22 

Cd 

17 5 (90°) 

165 3 

0 0343 

1 742 


23 

Bare 

107 7 

151 1 

0 0354 

6 792 

0 832 

24 

Bare 

138 2 

151.1 

0 0322 

3 191 

0.391 

Bun 1177 







Module 

1, 90° 





1 

Cd 

4 0 

163 3 

0 0337 

2 384 


2 

Cd 

15 4 

163 3 

0 0332 

2 323 



Module 

3, 90° 





3 

Cd 

4 0 

163 3 

0 0325 

1 685 


4 

Cd 

15 4 

163 3 

0 0335 

1 666 



Traverse from Module 

1 to 3 




5 

Cd 

28 7 

151 1 

0 0335 

2 533 


6 

Cd 

39 4 

151 1 

0 0336 

2 201 



Traverse Between Modules 5 & 6 




7 

Cd 

38 1 

151 1 

0 0334 

2.248 


8 

Cd 

68 6 

151 1 

0 0334 

1 818 


9 

Cd 

90 7 

151 1 

0 0335 

0 706 
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TABLE 6 5 
(Continued) 


Run 1177 


Foil 

Number 

Foil 

Type 

Location 

Radial Axial 

(cm) (cm) 

Foil Weight 

Ie) 

Specific Activity 
d/m~g x 10~° 

Local 

Foil 

to 

(X) 


Inner 

Surface of CH 

in Module 1 




10 

Cd 

IT 5 (270°) 

165 3 

0 0341 

2 221 



11 

ca 

17 5 (0°) 

165 3 

0 0341 

2 262 




Outer Surface of CH m Module 3 




12 

Cd 

22 4 ( 270 °) 

165 3 

0 0341 

1 797 



13 

Cd 

22 4 (90°) 

165 3 

0 0338 

1 563 




Traverse Tube Between Modules 5 & 6 




14 

Bare 

23 6 

151 1 

0 0385 

10 763 

1 319 


15 

Bare 

22 4 

151 1 

0 0371 

10 037 

1 230 


1 6 

Bare 

22 4 

158 7 

0 0379 

9.990 

1 224 
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TABLE 6 6 


Gold Foil Cadmium Ratios 
7 -Module Cavity Reactor 
0 72 Radius Ratio with Hydrogen 


Location 

Radial Axial 
( cm) (cm) 


Infinitely Dilute 
Foil Activity 
Angle d/m-g x 10“° 

Module Number ( °cw) Bare Gold Cd Gold 


0 

89 

4 






11 

04 

4 

809 

0 

59 

6 






7 

746 

0 

558 

0 

29 

1 






3 

072 

0 

019 

93 2 

151 

l 






9 

130 

1 

443 

123 0 

151 

1 






4 

773 

0 

051 

153 4 

151 

l 






1 

934 

0 

0077 

4 0 

136 

3 

1 



90 0 


11 

35 

5 

459 

15 4 

136 

3 

1 



90° 


12 

09 

5 

287 

4 0 

136 

3 

3 



90° 


8 

190 

3 

849 

15 4 

136 

3 

3 



90° 


8 

532 

3 

806 

4 0 

136 

3 

3 



270° 


8 

343 

3 

904 

15 b 

136 

3 

3 



270° 


9 

240 

4 

049 

23 6 

151 

1 

Traverse 

from Module 1 to 

3 

l4 

14 

5 

777 

28 7 

151 

1 

Traverse 

from Module 1 to 

3 

16 

24 

5 

786 

34 0 

151 

1 

Traverse 

from Module 1 to 

3 

16 

25 

5 

290 

39 4 

151 

1 

Traverse 

from Module 1 to 

3 

l4 

73 

5 

034 

44 4 

151 

1 

Traverse 

from Module 1 to 

3 

11 

25 

4 

031 

23 6 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


14 

38 

5 

798 

38 1 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


16 

89 

5 

129 

53 3 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


15 

01 

5 

Oil 

68 6 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


13 

49 

4 

148 

83 8 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


11 

06 

2 

294 

90 7 

151 

1 

Traverse 

from Module 1 









Between Modules 

5 

& 6 


9 

597 

1 

613 

22 4 

166 

8 

1 



0° 


12 

97 

5 

377 

22 4 

166 

8 

1 



270 0 


13 

00 

5 

350 

17 5 

166 

8 

1 



0° 


11 

82 

5 

204 

17 5 

166 

8 

1 



270° 


11 

5b 

5 

110 

22 4 

166 

8 

3 



90° 


8 

801 

3 

583 

22 4 

166 

8 

3 



270° 


10 

37 

4 

135 

17 5 

166 

8 

3 



90° 


8 

8o4 

4 

018 

17 5 

166 

8 

3 



270° 


8 

930 

3 

755 


Cadmium 

Ratio 

2 296 
13 87 
158 8 
6 328 
93 4 
252 8 
2 080 
2 287 
2 128 
2 242 
2 137 
2 282 
2 4t7 

2 807 

3 071 
2 927 
2 790 

2 48l 

3 294 

2 995 

3 252 

4 822 

5 951 
2 413 
2 431 
2 272 
2 258 
2 456 
2 507 
2 191 
2 378 
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TABLE 6 7 


Thermal Neutron Flux 

7-Module Reactor - Exhaust Nozzle Removed 
0 72 Radius Ratio 


Location 


Radial Axial Module 

( cm) ( cm) Number 


Angle Thermal Neutron FluXg 
( °cw) n/cm 2 -sec-watt x 10 


0 


89 4 

End reflector 


3.495 

0 


59 6 

End reflector 


4 031 

0 


29 1 

End reflector 


1 712 

93 

2 

151 1 

Radial reflector 


4 311 

123 

0 

151 1 

Radial reflector 


2.648 

153 

4 

151 1 

Radial reflector 


1 080 


0 

136 3 

1 

90° 

3 305 

15 

4 

136 3 

1 

90° 

3 816 

b 

0 

136 3 

3 

90° 

2 435 

15 

4 

136 3 

3 

90° 

2 650 

A 

0 

136 3 

3 

270° 

2 489 

15 

4 

136 3 

3 

270 ° 

2.911 

23 

6 

151 1 

Traverse from Module 

1 to 3 

4 679 

28 

7 

151 l 

Traverse from Module 

1 to 3 

5.863 

34 

0 

151 1 

Traverse from Module 

1 to 3 

6 146 

39 

4 

151 1 

Traverse from Module 

1 to 3 

5 44o 

44 

4 

151 1 

Traverse from Module 

1 to 3 

4 046 

23 

6 

151 1 

Traverse between Modules 5 & 6 

4 815 

38 

l 

151 1 

Traverse between Modules 5 & 6 

6 598 

53 

3 

151 1 

Traverse between Modules 5 & 6 

5 607 

68 

6 

151 1 

Traverse between Modules 5 & 6 

5 24 0 

83 

8 

151 1 

Traverse between Modules 5 & 6 

4 917 

90 

7 

151 1 

Traverse between Modules 5 & 6 

4 478 

22 

4 

151 -1 

1 

0 ° 

4 260 

22 

4 

-151 1 

1 

270 ° 

4 293 

17 

5 

151 1 

1 

0 ° 

3.712 

17 

5 

151 1 

1 

270 ° 

3 605 

22 

4 

151 1 

3 

90° 

2 926 

22 

4 

151 1 

3 

270 ° 

3 495 

17 

5 

151 1 

3 

90° 

2 684 

17 

5 

151 1 

3 

270 ° 

2 902 
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Figure 6.1 layout of fuel sheets on fuel stage separation disc on the 
T module reactor fuel element with the 0 J2 radius ratio 
loading (Hote, for locations actually occupied hy fuel, 
see Thble 6 l) 
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Uranium worth (%Ak/kg) 



Distance from center cf module - cm 


Figure 6 2 Uranium worth measurement;, 7 -module reactor with 0 72 fuel to module radius ratio 



Figure 6 3 Relative axial power distribution m Module 1, 90° at the 
core centerline, 7-module reactor with 0 72 fuel to module 
radius ratio 


RELATIVE AXIAL POWER PER UNIT FUEL MASS 

IOOOO *70000 *80000 *30000 1-00000 2.10000 1*20000 1.30000 1 .40000 1.50000 


Radial Position (cm) 

□ 4 0 
X 7 8 
0 11 6 
* 15 4 


Curve Average 

0 730 
0 728 
0 730 
0 780 


Normalized to Module 1 at radius of 
4 0 cm and axial position of 15 1 5 cm 



“io.ooo 


110.000 130.000 150.000 170.000 190.000 210.000 230.000 

AXIAL POSITION - CM 


Figure 6 4 Relative axial power distribution m module 3 ? 90 ° at 

the core centerline , 7 module reactor with 0 72 fuel to 
module radius ratio 


RELATIVE AXIAL POWER PER WHIT KIEL MASS 

•0000 1 70000 *80000 *90000 1*00000 1.10000 1.20000 1 .30000 1.40000 l. r i0000 


100 



Figure 6.6 Relative radial power distribution m modules 1 and 3 based on axial average power 
distributions, 7-module reactor with 0 J2 fuel to module radius ratio 


RELATIVE RARE GOLD FOIL 






RELATIVE BARE GOLD FOIL ACTIVITY 

0000 .90000 1 i 0000 1.30000 1.00000 1 . 70000 1.90000 2 tOODO 


X Radial traverse from Module 1 

through the DjO between Modules 5 & 6 

□ Radial traverse from the center of 
Module 1 through the D 2 O and through 
Module 3 

T Normalized to Module 1 near 
radial and axial center of core 




UOOQ IOiOQD 2C1<OQO 30.000 40.000 50.000 e6.000 >0.000_ 00.000 00.000 100,000 

DISTANCE FROM CENTER OE MODULE 1 - CM 


Figure 6.8 Relative bare gold foil activity distribution m the regions between modules, 
0 72 fuel to module radius ratio 


RELATIVE BARE GOLD FOIL ACTIVITT 

(3,00000 , 20000 .HOOOO ,00000 ,00000 1 .00000 1.20000 1 tOGOO 



RELATIVE BARE GOLD FOIL ACTIVITY 



Figure 6 10 Gold foil activity m the end reflector, 0 J2 fuel to module radius ratio 


GOID FOIL CADMIUM RATIO 

CL COO DO 1 00000 ACOGO0 3.00000 1.QOQOO 5 QOOOO 6 GDOOO / 00000 
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GOLD FOIL CADMIUM EA'EIO 

g f 000a"’ 1 00000 2 OOODO 3 00000 4 OOQCO 5 OOOCO & 0000(3 ! 00000 
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Figure 6 13 Infinite dilute gold cadmium ratios along centerlines of 
end and radial reflectors 
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RADIAL POSITION - CM 


Figure 6 14 Radial distribution of thermal neutron flux from the center of the reactor across 
module 3 and into the radial reflector; J module reactor with 0 72 fuel to module 
radius ratio 
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Figure 6.15 Radial distribution of thermal neutron flux from module 1 through the DgO between modules 5 & 6 
and into the radial reflector,, 7-module reactor with 0 72 radius ratio 


7.0 


0 38 RADIUS RATIO CORE - 7 MODULE SYSTEM WITH HXDROGECT 


A radius ratio of 0 388 for fuel to cavity dimensions 
was assembled m all seven of the modules The hydrogen simulation 
was still the same as for the O.55 and 0.72 radius ratio systems, 
le hydrogen began at the 0 72 Rq position, or a diameter of 32 8 cm 
The 7 6 cm annular space from the outer ring of fuel, having a diameter 
of 17 5 cm, to the hydrogen contained no fuel, only a very dilute con- 
centration of aluminum. 

7 1 Initial Loading 

The anticipated loading for criticality was 12 kg of 
uranium. The loading commenced from the 0.55 radius ratio without 
hydrogen. Section 8 . Che module at a time was changed by increasing 
its loading to 1.71 kg within four rings and the corresponding 0 38 
radius ratio on the spacer disks and by simultaneously adding the 
hydrogen. The worth of the change m each of the outer modules was 
averaging approximately +0 3^k Therefore, after changing five of 
the six outer modules, it was decided that the fuel loading needed to 
be reduced below the predicted 12 kg so as to attain a final loading 
that was not excessively poisoned by control rods inserted into the 
end reflector. 

The final loading consisted of 10 51 kg (l 50 kg per 
module), distributed on the four rings and spacer disks as shown m 
Table 7 1 and Figure 7.1 The excess reactivity was 1 OO^Ak, without 
the end plug in the exhaust nozzle, le. nozzle open 

7 2 Reactivity Measurements 

The worth of fuel was measured as a function of radius 
m the center module and of radius and angle m a typical peripheral 
module. These measurements were made with wands containing fuel uni- 
formly distributed along the length of the reactor The results are 
given m Table 7.2, and are graphically presented m Figure 7 2 From 
these results, the integrated fuel worth throughout the seven modules 
was deduced, from which an overall "core" average worth of 2 87 ^hk per 
kg of uranium was obtained. Mote, the measurement results shown m 
Figure 7.2 and Table 7 2 give fuel worths out beyond the 8 75 cm radius 
of the fuel. However, the "core" average fuel worth of 2 87%hk/kg 
refers only to the region out to the 0 38 radius ratio. The above fuel 
worth can be used to obtain an exactly critical mass (k=l 00. ) of 

10.16 kg of uranium, without the end plug m the exhaust nozzle 
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The average worth of aluminum in the center module from 
the center to the hydrogen (0,72 radius ratio) was Pleasured to he 
0 063$Ak/kg. This is about 80 $ of the value measured m the 0 55 
radius ratio configuration, where a seven module core -average value 
of 0.030$lk:/kg was determined. Stainless steel, approximately 0 03 
mean free absorption paths thick, as selectively placed on the module 
walls so as to give a representative measure of the average worth of 
stainless steel liner. The measurements gave 0.24$£k/kg SS liner 
0.12 cm thick (0.03 mean free paths) on all the walls, both radial and 
end, on all seven modules would create a 26 ^£k penalty, 

7.3 Power Distribution 


The power distribution m the modules was measured using 
catcher foils. The same three typical radial traverses as employed 
for the fuel worth measurements were employed, but m each case detailed 
longitudinal traverses were made The average of the longitudinal, 
however, shows that the power distribution is a flatter function than 
the fuel worth function vs radius. The tabulated power distribution is 
given m Table 7.3; and is shorn graphically m Figures 7 3 to J 6 
Total fission production rate m the reactor was computed from this 
data for referencing the thermal flux data of the next section. 

7.^- Neutron Flux Distributions 


Neutron fluxes were measured with gold foils, hoth hare 
and cadmium covered. The bare gold data is tabulated m Table 7 
and presented graphically m Figures 7 7 and 7 8 These two figures 
also show the thermal (equivalent 2200 m/sec) per watt of reactor fission 
power Note, the traverse m the radial reflector starts along a line 
between two modules , and thus does not show the flux peak that usually 
occurs just outside the cavity region The thermal flux was obtained by 
subtracting the epi-cadmium activity from the hare activity The results 
of these measurements are given m Table J 6, and are plotted m Figures 
7 7 and 7 10 Note, all thermal flux values have been normalized to one 
watt of total reactor power The infinitely dilute gold cadmium ratios 
(Total activity /Epi-cadmium activity) are shown m Table 7 5 and Figures 
7 11 and 7 12 
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TABLE 7 1 


Fuel Element Loading Arrangement 
0 38 Radius Ratio Configuration 


Ring 

1 

2 

3 

k 


Disks 


Diameter 

(cm) 


Number of 
Full Sized Sheets 


6 1 3 

9 9 6 

. 13 7 9 

17 5 12 

Total 30 


Total on l6 stages = ^80 


Each of 17 disks contained 

Single layers at positions 1, 3, U, 6 See Figure 7 1 

Double layers at positions 2,5 

Full sized sheets ^ 

Half sized sheets 3 

Total of 68 full size 
Total of 51 half size 

Module total - 573-1/2 full -sized equivalent sheets 
or 1 501 kg 
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TABLE 7 2 


Material Worth Measurements 
T— Module Reactor - 0 38 Radius Ratio 
Hydrogen m Reactor 


Location 


Module 

Angle 

(°cw) 

Radius Material Mass 
(cm) (g) 

Reactivity Change 
(*Ak) 

Material Worth 
%Ak/kg 




Uranium Worth 



1 

90 

4 0 

7 28 

0 0268±0 003 

3 6810 4l 

1 

90 

7 8 

7 28 

0 033210 003 

4 56+0 4l 

1 

90 

11 6 

7 28 

0 057010 003 

7 8310 4i 

3 

90 

4 0 

7 28 

0 017210 003 

2 36+0 4i 

3 

90 

7 8 

7 28 

0 020810 003 

2 86+0 4i 

3 

90 

11 6 

7 28 

0 0298±0 003 

4 0910 4i 

3 

270 

4 0 

7 28 

0 0158+0 003 

2 17+0 4l 

3 

270 

11 6 

7 28 

0 0363+0 003 

4 99+0 4l 

"Core" 

average 

fuel 

worth (7 modules 

, 0 cm to 8 75 cm) 

= 2 87 #Ak/kg 


Aluminum Worth 

1 Module 1 Average 540 -0 034010 003 0 0630+0 0056 


Stainless Steel Worth 

1, 2,3,4 Module Wall 850 5 g 0 224+0 0l4 -0 263+0 0l6 

(4, 2 54 cm strips) 

5,6,7 Module Wall 637 0 g 0 l4l±0 015 -0 221±0 024 

(3, 2 54 cm strips ) 

Overall average = -0 245+0 0l4 $Ak/kg 
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TABLE 7 3 


Power Distribution 


Catcher Foil Data 


7-Module Reactor - 0 38 Radius Ratio 


With Hydrogen 


Run ll 8 l 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foal (X) 

1 

Bare 

1 

90 

4 0 

92 5 

183675 

1 054 

2 

Bare 

1 

90 

4 0 

105 8 

155738 

0 893 

3 

Bare 

1 

90 

b 0 

121 0 

152402 

0 874 

4 

Bare 

1 

90 

4 0 

151 5 

174285 

1 000 (x) 

5 

Bare 

1 

90 

4 0 

166 8 

170470 

0 978 

6 

Bare 

1 

90 

4 0 

182 0 

159598 

0 916 

7 

Bare 

1 

90 

4 0 

197 2 

156243 

0 896 

8 

Bare 

1 

90 

4 0 

210 5 

177867 

1 020 

9 

Bare 

1 

90 

7 8 

92 5 

209905 

1 204 

10 

Bare 

1 

90 

7 8 

105 8 

199126 

1 142 

n 

Bare 

1 

90 

7 8 

121 0 

200897 

1 152 

12 

Bare 

1 

90 

7 8 

151 5 

214323 

1 230 

13 

Bare 

1 

90 

7 8 

166 8 

206889 

1 187 

lU 

Bare 

1 

90 

7 8 

182 0 

195432 

1 121 

15 

Bare 

1 

90 

7 8 

197 2 

184282 

1 057 

16 

Bare 

1 

90 

7 8 

210 5 

200583 

1 151 

17 

Bare 

1 

90 

li 6 

92 5 

254166 

1 458 

18 

Bare 

1 

90 

11 6 

105 8 

254442 

1 46o 

19 

Bare 

1 

90 

11 6 

121 0 

259455 

1 488 

20 

Bare 

1 

90 

11 6 

151 5 

264577 

1 518 

21 

Bare 

1 

90 

li 6 

1 66 8 

268522 

1 541 

22 

Bare 

1 

90 

11 6 

182 0 

248947 

1 428 

23 

Bare 

1 

90 

11 6 

197 2 

236899 

1 359 

24 

Bare 

1 

90 

li 6 

210 5 

240696 

1 381 

25 

Bare 

1 

90 

15 4 

92 5 

263888 

1 514 

26 

Bare 

1 

90 

15 4 

105 8 

261593 

1 501 

27 

Bare 

1 

90 

15 4 

121 0 

— 

— 

28 

Bare 

1 

90 

15 4 

151 5 

282014 

1 618 

29 

Bare 

1 

90 

15 4 

166 8 

276615 

1 587 

30 

Bare 

1 

90 

15 4 

182 0 

268873 

1 543 

31 

Bare 

1 

90 

15 4 

197 2 

257799 

1 479 

32 

Bare 

1 

90 

15 4 

210 5 

240168 

1 378 

33 

Bare 

3 

90 

4 o 

92 5 

125735 

0 721 

3b 

Bare 

3 

90 

4 0 

105 8 

113203 

0 649 

35 

Bare 

3 

90 

4 0 

121 0 

114747 

0 658 

36 

Bare 

3 

90 

4 o 

151 5 

117210 

0 672 

37 

Bare 

3 

90 

4 o 

166 8 

117378 

0 673 

38 

Bare 

3 

90 

4 o 

182 0 

113773 

0 653 
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TABLE T 3 


(Continued) 


Run ll8l 


Foil 

Foil 

Module 

Angle 

Location 
Radial Axial 

Normalized 

Local to 

Humber 

Type 

Humber 

(°cw) 

(cm) 

(em) 

Counts 

Foil (x) 

39 

Bare 

3 

90 

4 0 

197 2 

107755 

0 618 

4o 

Bare 

3 

90 

4 0 

210 5 

124437 

0 714 

4i 

Bare 

3 

90 

7 8 

92 5 

142525 

0 818 

42 

Bare 

3 

90 

7 8 

105 8 

138566 

0 795 

43 

Bare 

3 

90 

7 8 

121 0 

137944 

0 791 

44 

Bare 

3 

90 

7 8 

151 5 

141301 

0 811 

45 

Bare 

3 

90 

7 8 

166 8 

140018 

0 803 

46 

Bare 

3 

90 

7 8 

182 0 

136823 

0 785 

47 

Bare 

3 

90 

7 8 

197 2 

131343 

0 754 

48 

Bare 

3 

90 

7 8 

210 5 

137438 

0 788 

49 

Bare 

3 

90 

11 6 

92 5 

166950 

0 958 

50 

Bare 

3 

90 

11 6 

105 8 

170026 

0 975 

51 

Bare 

3 

90 

11 6 

121 0 

173663 

0 996 

52 

Bare 

3 

90 

11 6 

151 5 

184274 

1 057 

53 

Bare 

3 

90 

11 6 

166 8 

174412 

1 001 

54 

Bare 

3 

90 

11 6 

182 0 

174438 

1 001 

55 

Bare 

3 

90 

11 6 

197 2 

163507 

0 938 

56 

Bare 

3 

90 

11 6 

210 5 

160273 

0 919 

57 

Bare 

3 

90 

15 4 

92 5 

181315 

1 o4o 

58 

Bare 

3 

90 

15 4 

105 8 

177698 

1 019 

59 

Bare 

3 

90 

15 4 

121 0 

190976 

1 096 

60 

Bare 

3 

90 

15 4 

151 5 

182421 

1 047 

61 

Bare 

3 

90 

15 4 

166 8 

189458 

1 087 

62 

Bare 

3 

90 

15 4 

182 0 

176452 

1 012 

63 

Bare 

3 

90 

15 4 

197 2 

171216 

0 982 

64 

Bare 

3 

90 

15 4 

210 5 

164896 

0 946 

Run 1182 

1 

Bare 

3 

270 

4 0 

92 5 

209446 

1 202 

2 

Bare 

3 

270 

4 0 

105 8 

208327 

1 195 

3 

Bare 

3 

270 

4 0 

121 0 

214298 

1 229 

4 

Bare 

3 

270 

4 0 

151 5 

211242 

1 212 

5 

Bare 

3 

270 

4 0 

182 0 

211733 

1 215 

6 

Bare 

3 

270 

4 0 

197 2 

203238 

1 166 

7 

Bare 

3 

270 

4 0 

210 5 

200561 

1 151 

8 

Bare 

3 

270 

7 8 

92 5 

194471 

1 116 

9 

Bare 

3 

270 

7 8 

105 8 

194029 

1 113 

10 

Bare 

3 

270 

7 8 

121 0 

205857 

1 181 

11 

Bare 

3 

270 

7 8 

151 5 

211503 

1 213 

12 

Bare 

3 

270 

7 8 

182 0 

189240 

1 086 

13 

Bare 

3 

270 

7 8 

197 2 

185085 

1 062 

l4 

Bare 

3 

270 

7 8 

210 5 

192720 

1 106 
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TABLE 7 3 


(Continued) 


Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local 

Number 

True 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (X) 

15 

Bare 

3 

270 

11 6 

92 5 

162716 

0 934 

16 

Bare 

3 

"270 

11 6 

105 8 

153147 

0 879 

17 

Bare 

3 

270 

11 6 

121 0 

163614 

0 939 

18 

Bare 

3 

270 

11 6 

151 5 

158861 

0 911 

19 

Bare 

3 

270 

11 6 

182 0 

148729 

0 853 

20 

Bare 

3 

270 

11 6 

197 2 

143640 

0 824 

21 

Bare 

3 

270 

11 6 

210 5 

159290 

0 914 

22 

Bare 

3 

270 

15 k 

92 5 

130061 

0 746 

23 

Bare 

3 

270 

15 k 

105 8 

119911 

0 688 

2k 

Bare 

3 

270 

15 k 

121 0 

121298 

0 696 

25 

Bare 

3 

270 

15 4 

151 5 

131828 

0 756 

26 

Bare 

3 * 

270 

15 4 

182 0 

117993 

0 677 

27 

Bare 

3 

270 

15 4 

197 2 

112231 

0 644 

28 

Bare 

3 

270 

15 4 

210 5 

133838 

0 768 

Bun 1183 







1 

Cd Cov 

1 

90 

4 0 

182 0 

6301 

25 3 

2 

Cd Cov 

1 

90 

15 4 

182 0 

6349 

42 3 

3 

Cd Cov 

3 

90 

4 0 

182 0 

4349 

26 2 

k 

Cd Cov 

3 

90 

15 4 

182 0 

4407 

4o 0 
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TABLE T 4 


Bare Gold Foil Data 

7-Module Cavity Reactor - 0 38 Radius Ratio 
With Hydrogen 


Run 1181 


Foil 

lumber 

Foil 

Type 


Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific 
Activity g 
d/m-g x 10 

Local to 
Foil (X) 

1 

Bare 


0 

89 4 

0 0359 

7 797 

1 

137 

2 

Bare 


0 

74 9 

0 0396 

10 233 

1 

492 

3 

Bare 


0 

59 6 

0 0360 

7 701 

1 

123 

4 

Bare 


0 

44 4 

0 04006 

5 090 

0 

742 

5 

Bare 


0 

29 l 

0 04283 

2 934 

0 

428 

6 

Bare 


0 

13 9 

0 0357 

1 508 

0 

220 

7 

Bare 


0 

0 

-0 0360 

0 1 99 

0 

029 

8 

Bare 


93 2 

151 1 

0 0348 

8 530 

1 

244 

9 

Bare 


107 7 

151 1 

0 0343 

6 830 

0 

996 

10 

Bare 


123 0 

151 1 

0 0379 

4 906 

0 

715 

11 

Bare 


138 2 

151 1 

0 0374 

3 254 

0 

474 

12 

Bare 


153 4 

151 1 

0 0347 

l 977 

0 

288 

13 

Bare 


168 7 

151 1 

0 0352 

0 893 

0 

130 

i4 

Bare 

Module 

1 

183 7 
, 90° cw 

151 1 

0 0353 

0 122 

0 

018 

15 

Bare 


4 0 

136 3 

0 0350 

6 859 

1 

000 (x) 

16 

Bare 


7 8 

136 3 

0 0358 

7 923 

1 

155 

17 

Bare 


11 6 

136 3 

0 0344 

11 022 

1 

607 

18 

Bare 

Module 

3 

15 4 
, 90° cw 

136 3 

0 0351 

10 191 

1 

486 

19 

Bare 


4 0 

136 3 

0 0354 

4 935 

0 

719 

20 

Bare 


7 8 

136 3 

0 0350 

5 786 

0 

844 

21 

Bare 


11 6 

136 3 

0 0350 

6 556 

0 

956 

22 

Bare 

Traverse 

15 4 136.3 

from Module 1 to 

0.0361 
Module 3 

6 856 

1 

000 

23 

Bare 


23 6 

151 1 

0 0357 

11 400 

1 

662 

24 

Bare 


28 7 

151 1 

0 0350 

13 078 

1 

907 

25 

Bare 


34 0 

151 1 

0 0356 

13 290 

1 

938 

26 

Bare 


39 4- 

151 1 

0 0354 

11 832 

1 

725 

27 

Bare 

Traverse 

44 4 

Between 

151 1 
Modules 

0 0347 

5 & 6 

8 922 

1 

301 

28 

Bare 


90 7 

151 1 

0 0349 

8 638 

1 

259 

29 

Bare 


83 8 

151 1 

0 0352 

9 94-6 

1 

450 

30 

Bare 


76 2 

151 1 

0 0347 

9 838 

1 

434 

31 

Bare 


68 6 

151 1 

0 0346 

12 061 

1 

758 

32 

Bare 


61 0 

151 1 

0 0355 

11 586 

1 

689 

33 

Bare 


53 3 

151 1 

0 0350 

12 172 

1 

775 

34 

Bare 


45 7 

151 1 

0 0367 

13 065 

1 

905 

35 

Bare 


38 1 

151 1 

0 0367 

14 121 

2 

059 
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TABLE T 4 
(Continued) 


Run ll8l 


Foil 

Number 

Foil 

Type 

Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific 
Activity r 
d/m-e x 10 

Local to 
Foil (X) 

36 

Bare 

30 5 

151 1 

0 0369 

13 937 

2 032 

37 

Bare 

23 6 

151 1 

0 0361 

11 6l4 

1 693 

Run 1182 







1 

Cd Cov 

0 

89 4 

0 0349 

2 029 


2 

Cd Cov 

0 

59 6 

0 0349 

0 250 


3 

Cd Cov 

0 

29 1 

0 0349 

0 007 


4 

Cd Cov 

93 2 

151 l 

0 0350 

0 652 


5 

Cd Cov 

123 0 

151 1 

0 0350 

0 025 


6 

Cd Cov 

153 4 

151 1 

0 0348 

0 004 



Module 3, 

270° cv 




7 

Bare 

15 4 

136 3 

0 0349 

7 693 

1 122 

8 

Bare 

11 6 

136 3 

0 0350 

7 309 

1 066 

9 

Bare 

7 8 

136 3 

0 0350 

6 155 

0 897 

10 

Bare 

4 0 

136 3 

0 0349 

4 935 

0 719 

11 

Cd Cov 

4 0 

166 8 

0 0352 

1 638 


12 

Cd Cov 

15 4 

166 8 

0 0354 

1 597 



Traverse 

from Module 1 to Module 3 



13 

Cd Cov 

23 6 

151 1 

0 0352 

2 559 


14 

Cd Cov 

34 0 

151 1 

0 0351 

2 4 11 


15 

Cd Cov 

44 4 

151 l 

0 0350 

1 935 



Traverse 

Between 

Modules 5 

& 6 



' 16 

Cd Cov 

83 8 

151 1 

0 0348 

0 982 


17 

Cd Cov 

53 3 

151 1 

0 0350 

2 040 


18 

Cd Cov 

23 6 

151 1 

0 0353 

2 563 


Run 1183 







1 

Bare 

0 

82 5 

0 0362 

10 217 

1 490 

2 

Bare 

0 

67.2 

0 0353 

10 289 

1 500 

3 

Bare 

0 

52 0 

0 0356 

6 107 

0 890 

4 

Bare 

100 1 

151 1 

0 0351 

7 638 

1 114 

5 

Bare 

115 4 

151 1 

0 0352 

5 846 

0 852 

6 

Bare 

130 2 

151 1 

0 0358 

4 057 

0 591 


Module 1 

, 90° 





7 

Cd Cov 

4 0 

136 3 

0 0349 

2 242 


8 

Cd Cov 

15 4 

136 3 

0 0351 

2 392 



Module 3 

, 90° 





9 

Cd Cov 

4 0 

136 3 

0 0351 

1 526 


10 

Cd Cov 

15 4 

136 3 

0 0350 

1 611 



Traverse 

from Module 1 to 

Module 3 



ll 

Cd Cov 

28 7 

151 1 

0 0350 

2 601 


12 

Cd Cov 

39 4 

151 1 

0 0349 

2 225 
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TABLE T 4 
(Continued) 


Run 1183 




Location 

Foil 

Specific 







Foil 

Foil 

Radi al 

Axial 

Weight 

Activity g 

Local to 

Humber 

Type 

(cm) 

(cm) 

(s) 

d/m-g x 10 

Foil (X) 


Traverse 

Between Modules 

5 & 6 



13 

Cd Cov 

90 7 

151 1 

0 0351 

0 656 


14 

Cd Cov 

68 6 

151 1 

0 0425 

1 674 


15 

Cd Cov 

38 1 

151 1 

0 0475 

1 985 
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TABLE T 5 


Gold Foil Cadmium Ratios 
7-Module Cavity Reactor - 0 38 Radius Ratio 
With Hydrogen 


Location Infinitely Dilute Foil Activity 


Radial 

(cm) 

Axial 

(cm) 

Module 

Humber 

Angle 

(°cw) 


d/m-g x 10~ fc 
Bare Gold 

Cd Gold 

Cadmium 

Ratio 

0 

89 4 

End Reflector 


10 504 

4 713 

2 229 

0 

59 6 

End Reflector 


8 035 

0 581 

13 838 

0 

29 1 

End Reflector 


2 944 

0 016 

180 855 

93 2 

151 1 

Radial Reflector 

9 393 

1 516 

6 195 

123 0 

151 1 

Radial Reflector 

4 940 

0 058 

84 976 

153 4 

151 1 

Radial Reflector 

1 982 

0 009 

213 616 

4 0 

136 3 

1 

90 


9 827 

5 207 

1 887 

15 4 

136 3 

1 

90 


13 368 

5 569 

2 400 

4 0 

136 3 

3 

90 


6 967 

3 553 

1 961 

15 4 

136 3 

3 

90 


9 Oil 

3 746 

2 4o6 

4 0 

136 3 

3 

270 


7 109 

3 818 

1 862 

15 4 

136 3 

3 

270 


9 818 

3 731 

2 631 


Traverse from Module 1 

to 

Module 3 



23 6 

151 1 




14 820 

5 964 

2.485 

28 7 

151 1 




16 525 

6 048 

2 732 

34 0 

151 1 




16 506 

5 613 

2 941 

39 4 

151 1 




l4 788 

5 168 

2 861 

kb b 

151 1 




11 480 

4 500 

2 551 


Traverse From Module 1 

Between 5 & 6 



23 6 

151 1 




15 055 

5 980 

2 517 

38 1 

151 1 




17 154 

5 245 

3 271 

53 3 

151 1 




14 876 

4 744 

3 136 

68 6 

151 1 




14 457 

4 219 

3 427 

83 8 

151 1 




11 247 

2 278 

4 937 

90 7 

151 1 




9 508 

1 527 

6 226 
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TABLE 7 6 


Thermal Neutron Flux 
7-Module Reactor - 0 38 Radius Ratio 
With Hydrogen 


Location 

Radial Axial 

(cm) (cm) 

Module 

Number 

Angle 

(°cw) 

Thermal Neutron Flux 
(n/cm -sec-watt x 10 

0 


89 4 

End Reflector 


3 

845 

0 


59 6 

End Reflector 


4 

949 

0 


29 1 

End Reflector 


1 

944 

93 

2 

151 1 

Radial Reflector 


5 

229 

123 

0 

151 1 

Radial Reflector 


3 

241 

153 

4 

151 1 

Radial Reflector 


1 

310 

4 

0 

136 3 

1 

90 


3 

067 

15 

4 

136 3 

1 

90 


5 

178 

4 

0 

136 3 

3 

90 


3 

067 

15 

4 

136 3 

3 

90 


5 

178 

4 

0 

136 3 

3 

270 


2 

185 

15 

4 

136 3 

3 

270 


4 

o4i 



Traverse from Module 1 Through 

Module 

3 


23 

6 

151 1 

3 



5 

879 

28 

7 

151 1 

3 



6 

956 

3^ 

0 

151 1 

3 



7 

232 

39 

4 

151 1 

3 



6 

386 

44 

4 

151 1 

3 



4 

634 



Traverse From Module 1 Between 

5 & 6 



23 

6 

151 1 

3 



6 

024 

38 

l 

151 1 

3 



7 

906 

53 

3 

151 1 

3 



6 

726 

68 

6 

151 1 

3 



6 

79T 

83 

8 

151 1 

3 



5 

954 

90 

7 

151 1 

3 



5 

298 
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Figure 7 1 Fuel placement on disks Full sheets (2 and 5 ) will be 
double thickness Only three out of four half-size 
sheets (single thickness) will be on any giwen disk 
7-module reactor with O .388 radius ratio loading 
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Uranium worth (%Sk/ kg) 



Distance from center of module (cm) 


Figure J.2 Uranium worth measurements, 7-module reactor with 0 38 fuel to module radius ratio 


RELATIVE AXIAL POWER PER UNIT FUEL MASS 



Figure 7 3 Relative axial power distribution m module 90° at 
the core centerline,, 7-module reactor with 0 38 fuel 
to module radius ratio 
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SEDATIVE AXIAL POWER PER TOUT FUEL MASS 








Figure 7 5 Relative axial power distribution m module 3, 270° at 
the core centerline, 7-module reactor with 0 38 fuel to 
module radius ratio 
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Relative Radial Rover Distribution 



Distance from center of module - cm 


Figure T 6 normalized power distribution vs radius and angle, tlie plotted points are longitudinally- 
averaged over core length 



RELATIVE BABE GOLD FOIL ACTIVITT 

*6 .3 l.D 1.2 1.4 







Relative tare gold foil activity 





THERMAL HEUTROH FLUX - U/O^-SEC-WATT X 10 


CO 



Figure 7.9 Radial distribution of thermal neutron flux: from the center of the reactor across 
module 3 arid into the radial reflector, 7-module reactor with 0 38 radius ratio 






n/ci^-sec-watt X 10- 6 






Figure 7.11 Inf: 





Figure 7*12 Gold foil cadmium ratio - module 1 through module 3> 0*38 fuel to module radius ratio 


8.0 


0 55 RADIUS RATIO WITHOUT KHBOGEM 


Hydrogen coolant between the fuel regions and the heavy 
•water reflector-moderator has a dual, deleterious effect on reactivity 
It both absorbs neutrons and acts as a diffusion barrier preventing 
the free migration of neutrons between the fuel and reflector Though 
the hydrogen does very effectively moderate the fast neutrons, this 
benefit is not very significant m a large reactor such as this, where 
fast leakage is not severe. 

It is of value to know the reactivity penalty caused by 
the hydrogen, because there is some latitude available in engineering 
operating conditions of pressure, temperature, and annular thickness 
for this coolant. The hydrogen was removed from the 0 55 radius ratio 
configuration, which had a critical mass of 8 65 kg with hydrogen m 
the cavity. 

8.1 Initial Loading 


Loading of this configuration commenced with the 0.72 
radius ratio configuration with hydrogen. One module at a time was 
converted by removing the hydrogen (styrofoam) and the outer two rings 
of fuel The net penalty was negative, averaging approximately -0 l$hk 
per module In order to obtain the needed reactivity to remain critical, 
the nozzle plug was installed. The apparent worth of the plug was 0 96$hk 
This plug was a complete cylinder, not the tank-mside-of-a-tank arrange- 
ment measured separately on the configuration with hydrogen and reported 
m Table 5.6. When the modification of all seven modules was completed, 
the mass of fuel m the reactor was 7.82 kg of uranium and 

Kexcess ms +0 36 ^hk with the nozzle plug in 
or -0.G0°/cC<k. with the plug out. 

The fuel loading on each of the rings and disks is tabulated m Table 8 1, 
where a comparison tabulation of the 0 55 radius ratio configuration 
with hydrogen is also shown. The configuration without hydrogen had a 
small proportion of its fuel on the disks (l 6 %) compared to the con- 
figuration with hydrogen (21$), but the difference should have negligible 
effect on the critical mass comparisons. 

8 2 Reactivity Measurements 


Fuel worth ms measured m this configuration by the methods 
used on the three previous configurations Three major traverses of longi- 
tudinally averaged fuel worth were made The results are tabulated m 
Table 8.2 and shorn graphically m Figure 8 1. The average fuel worth m 
the core region (to 0 55 radius ratio) ms 3 95$^/kg This is essentially 
the same value as obtained on the 0 55 radius ratio core without hydrogen, 
le, the difference m loading and removal of hydrogen m combinations 
did not create a statistically significant different value for the 


13 ^ 



fuel worth. Aluminum worths were measured along three characteristic 
planes in the fuel region. These results are tabulated m Table 8 3 , 
and are about 2 5 $ larger (averaged) than the corresponding aluminum 
worths measured m the 0 55 radius ratio core with hydrogen Using the 
fuel worth given above, the critical loading (k=l 00 ) without the 

nozzle plug would have been 7-97 kg (or 7.73 kg with the nozzle plug 
m place) 

8.3 Power Distributions 


Power distributions were determined along one major radial 
plane m the central module and along the two major planes in a typical 
outer module, as was done m the other three configurations . The relative 
fission power -distributions are given m Table 8.4 and are graphically 
presented m Figures 8.2 to 8,4 as point values and in Figure 8.3 as the 
radial dependence of longitudinally averaged values 

"There are two different characteristics of the power distri- 
bution on this configuration compared to that on the similar configuration 
without hydrogen 

1) The power near the outer edges of the fuel is slightly 
(2 to 5 fo) higher m the present configuration than m 
that with hydrogen. This is probably caused by the 
removal of the absorbing, diffusion barrier effect of 
hydrogen. 

2 ) The power at the exit (nozzle) end of the center module 
is about 10# higher m this configuration This effect 
is simply because this reactor was power mapped with 
the nozzle plug inserted, and the hydrogen vs no 
hydrogen was not the cause of the power shift. 

8 4 FLux Distribution 


Gold, both bare and cadmium covered, was used to obtain 
cadmium ratios and hence thermal fluxes in. various parts of the reactor. 
The direct gold data is given m Table 8 5 and Figures 8 6 to 8 9. The 
resulting thermal fluxes are m Table 8 6 and Figure 8.8 to 8.11. 

Comparison of these thermal flux traverses with those on 
the 0,55 radius ratio configuration with hydrogen (Section 5 4) shows 
a slight indication of differences m the region where there was hydrogen. 
The Flux “shows slight peaking when the hydrogen is present. The anomalous 
dip in the flux between modules 5 and 6 as shown on Figure 5 32 has not 
appeared on any other configurations, and hence should not be considered 
relevant to the comparisons of the configurations with and without 
hydrogen . 
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TABLE 8 1 


Comparison of Loading 
Witt and Without Hydrogen 
0 55 Radius Ratio 


A) Loading of Fuel Rings - 0 55 Radius Ratio 


Ring Without Hydrogen 

Ho. Ho of Sheets 

1 1 

2 2 

3 4 

4 4 

5 5 

6 6 (on if elements) 

T (on 3 elements) 

Total on rings 

of 7 elements 2512 


With Hydrogen (Section 5) 
Ho of Sheets 

1 

2 

3 

5 

6 

7 


2688 


B) Loading of Fuel Disks (See Figure 5 4) 


Without Hydrogen 

56 full-size sheets 
24 half -size sheets 


With Hydrogen 

72 full-size sheets 
60 half -size sheets 


Total equivalent 

full-size sheets 476 714 

C) Total Fuel Loading in Reactor 


Without Hydrogen 
7 82 kg 


With Hydrogen 
8 91 kg 
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TABLE 8 2 


Uranium Worth Measurements 
7-Module Reactor - 0 55 Radius Ratio 
Wo Hydrogen m Reactor 


Location 


Module 

Angle 
( °cv) 

Radius 

(cm) 

U Ma'ss 
(«) 

Reactivity 

(%Ak) 

Change 

1 

Uranium Worth 
%Ak/ke 

1 

90 

It 

0 

7 

28 

0 

039210 

003 

5 3810 4l 

1 

90 

7 

8 

7 

28 

0 

0444±0 

003 

6 10+0 4l 

1 

90 

11 

6 

7 

28 

0 

050510 

003 

6 94+0 4i 

1 

90 

15 

4 

7 

28 

0 

063710 

003 

8 75+0 4l 

3 

90 

4 

0 

7 

28 

0 

021010 

003 

2 8910 4i 

3 

90 

7 

8 

7 

28 

0 

024010 

003 

3 30±0 4l 

3 

90 

11 

6 

7 

28 

0 

0252+0 

003 

3 46±0 4l 

3 

90 

15 

4 

7 

28 

0 

032010 

003 

4 40+0 4l 


270 

7 

8 



0 

0272+0 

003 

3 74+0 4l 


270 

15 

4 



0 

o4o4+o 

003 

5 5510 4l 


Core average fuel worth = 3 95% Ak/kg 
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TABLE 8 3 


Aluminum Worth Measurements 
7-Module Reactor Without Hydrogen 
Exhaust Nozzle in Reactor 


Location 


Module 

Angle 

(°cv) 

Radius 

(cm) 

Mass 

(g) 

Reactivity Change 
(gAk) 

Specific Worth 
%Ak/kg 

1 

90 

Avg 

540 

-0 0337±0 003 

(6 24+0 56)xl0 -2 

4 

150 

Avg 

540 

-0 0087+0 003 

(1 6l+0 56)xl0~ 2 

4 

330 

Avg 

540 

-0 0217±0 003 

(4 02±0 56)x10- 2 
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TABLE 8 4 


Catcher Foil Data 

7-Module Reactor - 0 55 Radius Ra.tio 
No Hydrogen 


Run 1178 


Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Number 

Type 

Number 

(°cw) 

(cm) 

(cm) 

Counts 

1 

Bare 

1 

90 

4 0 

92 5 

219582 

2 

Bare 

1 

90 

4 0 

105 8 

199585 

3 

Bare 

1 

90 

4 0 

121 0 

216198 

4 

Bare 

1 

90 

4 0 

151 5 

209032 

5 

Bare 

1 

90 

4 0 

182 0 

205134 

6 

Bare 

1 

90 

4 0 

197 2 

1859^5 

7 

Bare 

1 

90 

4 0 

210 5 

217367 

8 

Bare 

1 

90 

7 8 

92 5 

228872 

9 

Bare 

1 

90 

7 8 

105 8 

214074 

10 

Bare 

1 

90 

7 8 

121 0 

221946 

11 

Bare 

1 

90 

7 8 

151 5 

226151 

12 

Bare 

1 

90 

7 8 

182 0 

223993 

13 

Bare 

1 

90 

7 8 

197 2 

204792 

14 

Bare 

1 

90 

7 8 

210 5 

214152 

15 

Bare 

1 

90 

11 6 

92 5 

231313 

16 

Bare 

1 

90 

11 6 

105 8 

237738 

17 

Bare 

1 

90 

11 6 

121 0 

244618 

18 

Bare 

1 

90 

11 6 

151 5 

243123 

19 

Bare 

1 

90 

11 6 

182 0 

23657^ 

20 

Bare 

1 

90 

11 6 

197 2 

217682 

21 

Bare 

1 

90 

11 6 

210 5 

235828 

22 

Bare 

1 

90 

15 4 

92 5 

267116 

23 

Bare 

1 

90 

15 ^ 

105 8 

272033 

24 

Bare 

1 

90 

15 4 

121 0 

273704 

25 

Bare 

1 

90 

15 4 

151 5 

282632 

26 

Bare 

1 

90 

15 4 

182 0 

261306 

27 

Bare 

1 

90 

15 4 

197 2 

254505 

28 

Bare 

1 

90 

15 4 

210 5 

247991 

29 

Bare 

3 

90 

4 0 

92 5 

163590 

30 

Bare 

3 

90 

4 0 

105 8 

154273 

31 

Bare 

3 

90 

4 0 

121 0 

156342 

32 

Bare 

3 

90 

4 0 

151 5 

156155 

33 

Bare 

3 

90 

4 0 

182 0 

147517 

34 

Bare 

3 

90 

4 0 

197 2 

143137 

35 

Bare 

3 

90 

4 0 

210 5 

156898 


Local to 
Foil (X) 

1 050 

0 95h 

1 033 
1 000 
0 981 

0 889 

1 039 
1 094 
1 023 
1 06l 
1 081 
1 071 

0 979 

1 024 
1 106 
1 136 
1 169 
1 162 
1 131 
1 o4i 
l 127 
1 277 

1 300 
1 308 
1 351 
1 249 
1 217 
1 185 
0 782 
0 737 
0 747 
0 746 

0 705 

0 684 
0 750 



TABLE 8 4 


(Continued) 


Run 1178 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

Number 

nm 

Number 

(°cw) 

(cm) 

(cm) 

Count s 

Foil (X) 

3 6 

Bare 

3 

90 

7 8 

92 5 

167400 

0 800 

37 

Bare 

3 

90 

7 8 

105 8 

147212 

0 704 

38 

Bare 

3 

90 

7 8 

121 0 

158888 

0 759 

39 

Bare 

3 

90 

7 8 

151 5 

158791 

0 759 

4o 

Bare 

3 

90 

7 8 

182 0 

158749 

0 759 

4l 

Bare 

3 

90 

7 8 

197 2 

141050 

0 674 

42 

Bare 

3 

90 

7 8 

210 5 

153448 

0 733 

43 

Bare 

3 

90 

11 7 

92 5 

174279 

0 833 

44 

Bare 

3 

90 

11 7 

105 8 

165848 

0 793 

45 

Bare 

3 

90 

11 7 

121 0 

178521 

0 853 

46 

Bare 

3 

90 

11 7 

151 5 

170396 

0 8l4 

47 

Bare 

3 

90 

11 7 

182 0 

168103 

0 804 

48 

Bare 

3 

90 

11 7 

197 2 

153203 

0 732 

49 

Bare 

3 

90 

11 7 

210 5 

158697 

0 759 

50 

Bare 

3 

90 

15 4 

92 5 

184741 

0 883 

51 

Bare 

3 

90 

15 4 

105 8 

193376 

0 924 

52 

Bare 

3 

90 

15 4 

121 0 

195411 

0 934 

53 

Bare 

3 

90 

15 4 

151 5 

201681 

0 964 

54 

Bare 

3 

90 

15 4 

182 0 

187282 

0 895 

55 

Bare 

3 

90 

15 4 

197 2 

173724 

0 830 

56 

Bare 

3 

90 

15 4 

210 5 

162303 

0 776 

Run 1179 

1 

Bare 

3 

270 

15 4 

92 5 

215956 

1 032 

2 

Bare 

3 

270 

15 4 

105 8 

209677 

1 002 

3 

Bare 

3 

270 

15 4 

121 0 

215892 

1 032 

4 

Bare 

3 

270 

15 4 

151 5 

217869 

1 041 

5 

Bare 

3 

270 

15 4 

182 0 

209922 

1 003 

6 

Bare 

3 

270 

15 4 

197 2 

205544 

0 982 

7 

Bare 

3 

270 

15 4 

210 5 

196548 

0 939 

8 

Bare 

3 

270 

11 6 

92 5 

188081 

0 8 99 

9 

Bare 

3 

270 

11 6 

105 8 

187744 

0 897 

10 

Bare 

3 

270 

ll 6 

121 0 

196001 

0 937 

11 

Bare 

3 

270 

11 6 

151 5 

19269O 

0 921 

12 

Bare 

3 

270 

11 6 

182 0 

179244 

0 857 

13 

Bare 

3 

270 

ll 6 

197 2 

179932 

0 860 

14 

Bare 

3 

270 

11 6 

210 5 

182682 

0 873 

15 

Bare 

3 

270 

7.8 

92 5 

180514 

0 863 

16 

Bare 

3 

270 

7 8 

105 8 

167369 

0 800 

17 

Bare 

3 

270 

7 8 

121 0 

171830 

0 821 

18 

Bare 

3 

270 

7 8 

151 5 

167098 

0 799 

’19 

Bare 

3 

270 

7 8 

182 0 

169964 

0 812 




TABLE 8 4 


( Continued) 


Bun 1179 


Foil 

Foil 

Module 

Angle 

Location 
Ralial Axial 

Normal izea 

Local to 

Humber 


Number 

(°cw) 

(cm) 

(cm) 

j Counts 

Foil (X) 

20 

Bare 

3 

270 

7 8 

197 2 

146735 

0 701 

21 

Bare 

3 

270 

7 8 

210 5 

l6l24i 

0 771 

-22 

Bare 

3 

270 

4 0 

92 5 

169292 

0 809 

23 

Bare 

3 

270 

4 0 

105 8 

159763 

0 764 

24 

Bare 

3 

270 

4 0 

121 0 

156902 

0 750 

25 

Bare 

3 

270 

4 0 

151 5 

158905 

0 760 

26 

Bare 

3 

270 

4 0 

182 0 

153068 

0 732 

27 

Bare 

3 

270 

4 0 

197 2 

147607 

0 706 

28 

Bare 

3 

270 

4 0 

210 5 

162630 

0 777 

Bun 1180 

1 

ca 

1 

90 

4 0 

182 0 

6o4o 

34 0 

2 

ca 

1 

90 

15 4 

182 0 

6l4l 

42 6 

3 

ca 

3 

90 

4 0 

182 0 

4238 

34 8 

4 

ca 

3 

90 

15 r 4 

182 0 

4170 

44 9 
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TABLE 8 5 
Gold Foil Lata 

7~Module Cavity Reactor - 0 55 Radius Ratio 


Run 1178 



No Hydrogen 



Number 

Type 

Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(g) 

Specific Activity 
d/m-g x 10” 6 

Local to 
Foil (X)* 

1 

Bare 

0 

89 4 

0 0343 

8 918 

1 072 

2 

Bare 

0 

74 9 

0 0363 

10 691 

1 285 

3 

Bare 

0 

59 6 

0 0354 

8 044 

0 967 

4 

Bare 

0 

44 4 

0 0381 

5 385 

0 647 

5 

Bare 

0 

29 1 

0 0312 

3 249 

0 391 

6 

Bare 

0 

13 9 

0 0380 

1 579 

0 190 

7 

Bare 

0 

0 

0 0273 

0 215 

0 026 

8 

Bare 

93 2 

151 1 

0 0410 

8 577 

1 031 

9 

Bare 

107 7 

151 1 

0 0389 

6 995 

0 841 

10 

Bare 

123 0 

151 1 

0 0399 

5 l4o 

0 618 

11 

Bare 

138 2 

151 1 

0 0402 

3 398 

0 4o8 

12 

Bare 

153 4 

151 1 

0 0333 

1 992 

0 239 

13 

Bare 

168 7 

151 1 

0 0398 

0 901 

0 108 

14 

Bare 

183 7 

151 1 

0 0408 

0 126 

0 015 


Module 

1, 90° 

cw 




15 

Bare 

4 o 

136 3 

0 0330 

8 415 

1 011 (x) 

16 

Bare 

7 8 

136 3 

0 0415 

8 609 

1 035 

17 

Bare 

11 6 

136 3 

0 0335 

9 191 

1 105 

18 

Bare 

15 4 

136 3 

0 0322 

10 199 

1 226 

19 

Bare 

4 0 

166 8 

0 0400 

8 223 

0 988 (x) 

20 

Bare 

7 8 

166 8 

0~ 0366 

8 589 

1 032 

21 

Bare 

11 6 

166 8 

0 04l8 

9 170 

1 102 

22 

Bare 

15 4 

1 66 8 

0 0392 

9 995 

1 201 


Module 

3, 90° 

cw 




23 

Bare 

4 0 

136 3 

0 0385 

6 211 

0 747 

24 

Bare 

7 8 

136 3 

0 0388 

6 328 

0 761 

25 

Bare 

11 6 

136 3 

0 0374 

6 676 

0 802 

26 

Bare 

15 4 

136 3 

0 0352 

7 175 

0 862 

27 

Bare 

4 0 

166 8 

0 0373 

6 023 

0 724 

28 

Bare 

7 8 

166 8 

0 0333 

5 977 

0 718 

29 

Bare 

11 6 

l66 8 

0 0385 

6 326 

0 760 

30 

Bare 

15 4 

1 66 8 

0 0302 

7 079 

0 851 


Traverse from 

Module 1 

to Module 

3 


31 

Bare 

23 6 

151 l 

0 0364 

10 786 

1 296 

32 

Bare 

28 7 

151 1 

0 0325 

13 258 

1 594 

33 

Bare 

34 0 

151 l 

0 0319 

13 146 

1 580 

34 

Bare 

39 4 

151 1 

0 0308 

11 767 

1 4l4 

35 

Bare 

44 4 

151 1 

0 0348 

8 608 

1 035 


BTote the standard normalizer position is at 4 0 cm radius, and 151-5 cm 
longitudinal position, midway between the two "Foil x*s" shown 
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TABLE 8 5 
(Continued) 


Run 1178 





Location 

Foil 



Foil 

Foil 


Radial 

Axial 

Weight 

Specific Activity 

Local to 

Number 

'Type 


(cm) 

(cm) 

(g) . 

d/m-g x 10 - 

Foil (X) 


Traverse Between Modules 5 

& 6 



36 

Bare 

90 

7 

151 1 

0 0421 

8 626 

1 037 

37 

Bare 

83 

8 

151 1 

0 0345 

9 876 

1 187 

38 

Bare 

76 

2 

151 1 

0 0391 

10 593 

1 273 

39 

Bare 

68 

6 

151 1 

0 0390 

11 019 

1 324 

4o 

Bare 

61 

0 

151 1 

0 0397 

11 040 

1 327 

4l 

Bare 

53 

3 

151 1 

0 o4io 

11 584 

1 392 

42 

Bare 

45 

7 

151 1 

0 0369 

12 963 

1 558 

43 

Bare 

38 

1 

151 1 

0 0338 

13 837 

1 663 

44 

Bare 

30 

5 

151 1 

0 0357 

13 752 

1 653 

45 

Bare 

23 

6 

151 1 

0 0338 

11 147 

1 340 


Module 

1 , 

Outer Surface of 

Module 



46 

Bare 

22 

4 (270°) 

151 1 

0 0328 

10 513 

1 264 

47 

Bare 

22 

4 (315°) 

151 1 

0 0302 

10 583 

1 272 

48 

Bare 

22 

4 (o°) 

151 1 

0 0483 

10 039 

l 207 


Module 

3, 

Outer Surface of Module 



49 

Bare 

22 

4 (270°) 

151 1 

0 0409 

8 125 

0 977 

50 

Bare 

22 

4 (315°) 

151 1 

0 0426 

7 821 

0 940 

51 

Bare 

22 

4 (0°) 

151 1 

0 o4o4 

7 560 

0 909 

52 

Bare 

22 

4 (90°) 

151 1 

0 0381 

7 195 

0 865 

Run 1179 







1 

Cd 

0 


89 4 

0 0360 

2 197 


2 

Cd 

0 


59 6 

0 0379 

0 222 


3 

Cd 

0 


29 1 

0 0411 

0 0089 


4 

Cd 

93 

2 

151 1 

0 0357 

0 694 


5 

Cd 

123 

0 

151 1 

0 0402 

0 0214 


6 

Cd 

153 

4 

151 1 

0 0386 

0 0046 



Module 3 ; 

, 270° 





7 

Bare 

15 

4 

136 3 

0 0323 

8 028 

0 965 

8 

Bare 

11 

6 

136 3 

0 0425 

7 314 

0 879 

5 

Bare 

7 

8 

136 3 

0 o4i4 

6 600 

0 793 

10 

Bare 

4 

0 

136 3 

0 0417 

6 165 

0 741 

11 

Cd 

4 

0 

166 8 

0 0384 

1 758 


12 

Cd 

15 

4 

166 8 

0 0358 

l 697 



Traverse 

from Module 1 to 

Module 3 



13 

Cd 

23 

6 

151 1 

0 0354 

2 551 


l4 

Cd 

34 

0 

151 1 

0 0376 

2 518 


15 

Cd 

44 

4 

151 1 

0 0338 

1 945 
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TABLE 8 5 
(Continued) 


Run 1179 


Foil 

Foil 

Location 

Radial Axial 

Foil 

Weight 

Specific Activity 

Local to 

Number 

Tree 

(cm) (cm) 

Lsl 

d/m-g x 10 - ^ 

Foil (X) 


Traverse Between Modules 5 & 6 


16 

Cd 

83 8 

151 1 

0 0384 

0 927 


17 

Cd 

53 3 

151 1 

0 0341 

2 148 


18 

Cd 

23 6 

151 1 

0 0335 

2 678 



Module 

1, Outer Surface of Module 



19 

Cd 

22 4 (270°) 

151 1 

o o4i8 

2 388 


20 

Cd 

22 4 (0°) 

151 l 

0 0356 

2 535 


m ll8o 






1 

Bare 

0 

82 5 

0 0339 

10 876 

1 307 

2 

Bare 

0 

67 2 

0 0348 

9 66l 

1 161 

3 

Bare 

0 

52 0 

0 04l6 

6 8ll 

0 819 

4 

Bare 

100 1 

151 l 

0 0337 

8 096 

0 973 

5 

Bare 

115 4 

151 1 

0 0361 

6 088 

0 732 

6 

Bare 

130 2 

151 1 

0 0376 

4 285 

0 515 


Module 

1, 90° 





7 

Cd 

4 0 

136 3 

0 0367 

2 413 


8 

Cd 

15 4 

136 3 

0 0380 

2 423 



Module 

3, 90° 





9 

Cd 

4 0 

136 3 

0 0368 

1 567 


10 

Cd 

15 4 

136 3 

0 04l4 

1 564 



Traverse from Module 

1 to Module 3 



11 

Cd 

28 7 

151 1 

0 0392 

4 110 


12 

Cd 

39 4 

151 1 

0 0399 

1 785 



Traverse Between Modules 5 & 6 



13 

Cd 

90 7 

151 1 

0 0350 

0 671 


l4 

Cd 

68 6 

151 1 

0 0335 

1 8ll 


15 

Cd 

38 1 

151 1 

0 0421 

2 052 



Module 

3 





16 

Cd 

22 4 (270°) 

151 1 

0 0318 

2 518 


17 

Cd 

22 4 (0°) 

151 1 

0 0417 

2 266 


18 

Cd 

22 4 (90°) 

151 1 

0 0307 

2 609 
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TABLE 8 6 


Thermal Neutron Flux 
7-Module Eeaetor - 0 55 Radius Ratio 
No Hydrogen 


Location 


Radial 

Axial 


Angle 

Thermal Neutron Flux,. 

(i'cnfi) ) 

(cm) 

Module 

Number (°cw) 

(n/cm 

-sec-watt x 10 D ) 

0 

89 4 

End Reflector 


4 

530 

0 

59 6 

End Reflector 


5 

302 

0 

29 1 

End Reflector 


2 

197 

93 2 

151 1 

Radial Reflector 


5 

374 

123 0 

151 1 

Radial Reflector 


3 

472 

153 4 

151 1 

Radial Reflector 


1 

348 

4 o 

136 3 

1 

90 


3 

999 

15 b 

136 3 

1 

90 


5 

160 

4 o 

136 3 

3 

90 


3 

170 

15 4 

136 3 

3 

90 


3 

733 

4 o 

136 3 

3 

270 


3 

030 

15 4 

136 3 

3 

270 


4 

246 

23 6 

151 1 

Traverse 

from Module 1 to 3 


5 

606 

28 7 

151 1 

Traverse 

from Module 1 to 3 


5 

984 

34 0 

151 1 

Traverse 

from Module 1 to 3 


7 

092 

39 4 

151 1 

Traverse 

from Module 1 to 3 


6 

637 

44 4 

151 1 

Traverse 

from Module 1 to 3 


4 

536 

23 6 

151 1 

Traverse 

Between Modules 5 & 

6 

5 

752 

38 l 

151 1 

Traverse 

Between Modules 5 & 

6 

7 

863 

53 3 

151 1 

Traverse 

Between Modules 5 & 

6 

6 

508 

68 6 

151 1 

Traverse 

Between Modules 5 & 

6 

6 

32r 

83 8 

151 1 

Traverse 

Between Modules 5 & 

6 

6 

043 

90 7 

151 1 

Traverse 

Between Modules 5 & 

6 

5 

430 

22 4 

151 l 

1 

O' 


5 

296 

22 4 

151 1 

1 

270 


5 

342 

22 4 

151 1 

3 

0 


3 

571 

22 4 

151 1 

3 

90 


3 

260 

22. 4 

151 1 

3 

270 


3 

971 


14-5 
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Figure 8.2 Relative axial power distribution m module 1, 90° at 

the core centerline , 7-module reactor with 0 55 fuel to 
module radius ratio without hydrogen 
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RELATIVE AXIAL POWER PER UNIT FUEL MASS 
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Figure 8.4 Relative axial power distribution in module 3 > 270° at 
the core centerline, 7-modnle reactor with 0 55 fuel 
to module radius ratio without hydrogen 
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RELATIVE RADIAL POWER HER UNIT ITJEL MASS 



Figure 8.5 Relative radial power distribution m modules 1 and 3 based on axial average power 

distributions, 7 -module reactor with 0 55 fuel to module radius ratio without hydrogen 
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Figure 8.6 Relative bare gold foil activity distribution m the regions between modules., 
0.55 fuel to module radius ratio without hydrogen 
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Figure 8.8 Bare gold activity and thermal fl 
O .55 radius ratio without hydroge 



m end reflector, 7-module cavity reactor. 
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Figure 8.9 Bare gold activity and thermal flux m radial reflector , 7 -module cavity reactor, 
0.55 radius ratio 
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Radial distribution of thermal neutron flux from module 1 through D 2 O between modules 
5 & 6 and into the radial reflector, 7-module reactor with 0 55 fuel to module radius ratio 


Figure 8 10 




■ Module 1 4*4* DqO ■ 


Module 3- 


. Radial reflector - D^O . 
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Figure 8.11 Radial distribution of thermal neutron flux from the center of the reactor across module 3 
and into the radial reflector, T-module reactor with 0 55 fuel to module radius ratio 
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THREE MODULE REACTOR - 0 55 RADIOS RATIO WITH 
HYDROGEN SIMULATION 


A three module system, with the TO 5 cm O.B modules occupy- 
ing the same region as that occupied by the seven modules, ms assembled 
so as to furnish a measure of the advantage of having more and smaller 
modules. These advantages are exclusively neutronic, giving better utili- 
zation of the fuel, smaller critical mass, and quite likely smaller effect- 
ive pressures for the gaseous fuel (The pressure, of course, depends on 
the total fuel volume as well as the fuel mass ) Other cons iderau ions, 
such as thermodynamic, fluid dynamic, and fuel loss effects, generally 
favor the fewer and larger modules, best exemplified by the single cavity. 
Some discussion of the relative advantages and disadvantages pertaining 
to. these various factors vs the number of modules is given m Section 10 

A cross section view of the three module tank is shown m 
Figure 9.1 The fuel element structure with its 1 6 stages, IT stage 
dividing disks, and eight fuel rings is shown m Figures 9 9 and 9 3 
The tank was constructed from type 1100 -HI A aluminum, 0 3l8 cm thick, 
except for the 0 635 cm thick end plates that were type 5^52 aluminum 
The empty tank weighed 180 kg 

9.1 Initial Loading 


Pre-analysis of the three module experiment using the same 
techniques that were quite successful on the T-module experiment (simple 
one-doraens lonal diffusion code utilizing cell calculations) predicted 
a loading of l4 kg of uranium with an estimated ±15$ uncertainty 
(Unfortunately, as will he seen, the technique was not nearly as success- 
ful m this case; the measured critical mass was 11 5 kg.) Accordingly, 
each of the three modules was loaded with fuel to a radius ratio of 0 55 
according to the description given m Table 9.1 and Figure 9.4. The 
fuel element design was similar to that used on the T -module reactor 
The fuel on the stage separation disks was one layer thick on all 22 
positions shorn. The total loading ms 1T80 equivalent full size 
sheets per element, or 4 66 kg, for a total of 13 98 kg of uranium 
m the three modules of the reactor. The fuel element srructure con- 
sisted of 16.2 kg of aluminum m each module, or 48 6 kg in the entire 
core. 


Hydrogen was inserted in the form of foamed polystyrene 
and polyethylene sheet m an annulus between 0 69 radius ratio and the 
cavity wall,, making an annulus that was H 3 <a thick The annulus ms 
loaded to a hydrogen atom density of 1 33 x 10^1 atoms/cc These hydro- 
gen values differ little from those used m the seven module experiment, 
which had 1.23 x 10"- atoms/cc between 0 T2 radius ratio and the cavity 
wall. 
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Loading commenced by first loading the fuel elements one at 
a time, and then gradually increasing the water level in the modular tank 
until criticality was reached After 6 5 out of 8 2 barrels total capacity 
of heavy water was added, the reactor had a k-effective of 1 00 6 b, with 
the nozzle plug m the nozzle It was obvious that the critical mass was 
overpredicted, and steps had to be taken to reduce k-excess m order to 
fill the module tank completely. These were as follows* 

Nozzle plug removed 

12 fixed control rods added to end reflector 
Hydrogen atom density increased m two, of the 
three modules from 1 33 to 1 64xlO yl 
(~0.26$Xk per module) 

The resulting k-excess wa s 0 73$Ak when the module tank was completely 
filled with l88t kg of heavy water With 1 33xl0 21 atoms of hydrogen/ce 
m the hydrogen annulus and 13 98 kg of fuel in the reactor, and with all 
control rods out, 

k-effective - 1 0389 with nozzle plugged 
= 1 03^3 with nozzle open 

Note the small worth (-0 k) of the nozzle plug in this reactor 
This is half of the value obtained on the 7-module configuration and the 
lowest value obtained on any of the cavity configurations measured with 
this basic 366 cm diameter by 305 cm long reflector tank 

9 2 Reactivity Measurements 


-0 kSy&k 

-2 i8^k 

-0 52 y^k 


The control system m the 3“ m °dule reactor consisted of the 
standard 8 actuators, a total of 2h rods, hut they were working m an 
end reflector that contained 12 fixed control rods The latter depressed 
the flux m the end reflector and reduced the movable control rod worth 
to 2 9^k The shape curve of this control system is given m Table 9 2, 
and shown graphically m Figure 9.5 Fuel worth was measured m one of 
the modules All three modules were considered equivalent, with the 20 fo 
difference m hydrogen density not considered significant enough to affect 
the fuel worth. The measurements were taken m module 3 (which had 
1.33 x 10 2 ~ H/cc) m three different radial directions: 

30° a tangential traverse m the core tank 
120° toward the tank center, radially inward 
300 0 radially outward 

All measurements were longitudinal averages at specific radial positions 
The results are shown graphically in Figure 9.6, and are tabulated m 
Table 9 3 Ike slot positions are indicated m Figure 9 3 Measure- 
ments on the outer ring of fuel were made both at the end and center of 
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the module. All of this data ms used to obtain a volume weighted 
average fuel worth of 1 65$Xk/kg of uranium Using the above fuel 
worth, the critical loading of the reactor with 1 33x10^- H/cc m 
the hydrogen annuli and no control rods m the end reflector is: 

11.32 kg of U with the nozzle plugged or 

11.70 kg of U with the nozzle open. 

The aluminum worth measured m slot 4 (l8.2 cm) was O.OJO^&Tk/kg This 
should, nominally equal the cell average worth. 

Hydrogen worth was evaluated when the density m the annulus 
in modules 1 and 2 was increased from 1 33 to 1 64X10 21 H/ec This was 
done by adding polyethylene (CHg) sheet, giving an average worth of 
0 303/^k/kg, or 0 26 for the change per module (870 gm of CHg per 
module ) . 


The effect of the gap between the aluminum tank walls of 
the fixed and movable tank was measured The gap was 1 89 cm on the 
3-module configuration, 0.7 cm larger than the 1 2 cm gap of the 7-module 
configuration. A measurement was made over the next 1 40 cm and the gap 
worth was found to he essentially linear equal to 0 h8$Xk/cm Thus, 
the full I.89 cm gap cost 0 91 $Xk, or approximately 0 55 kg of uranium 
The extra 0.7 cm gap compared to the seven module configuration cost 
0.3^-^kj or 0.21 kg of uranium. The critical mass would have been 

11 1 kg with the nozzle plugged or 

11.5 kg with the nozzle open 

with the same 1 2 cm gap that existed on the 7-module configurations, 

9.3 Power Distribution - 3-Module Configuration 

The fission power distribution (specific power) was meas- 
ured throughout the reactor as well as the fueled core sections of the 
modules. The cadmium ratio was measured at selected points to obtain 
the ratio of epi-thermal to total fissions. The various data are listed 
m Table 9.^. Most of the radial traverses were taken with respect to 
the axis of module 3. However, traverses along the separation plane 
and m the radial reflector all use the reactor axis as the radial 
reference point. 

Figures 9 9 8, and 9.9 show the axial profiles m 

module 3. Note that the edge of the active fuel region occurs at 19 ^ 
cm. All ordinates have suppressed zeros The power peaking at the sep- 
aration plane end of the module is probably the result of thermal neutron 
streaming along the 1 89 cm wide gap Figure 9.10 shows the composite 
radial power distributions m the module. The values shown are longitud- 
inal averages Note that it is fortuitous that the longitudinal average 
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at 4 6 cm, 300° m module 3 is identical to the point normalization 
reference ■value These curve shapes are very similar to the fuel worth 
curve shapes m Figure 9 6 Figure 9-H shows the circumferential power 
distribution on the outside of the fuel (19.4 cm) at the longitudinal 
center, and the U-235 fission response at the outside of the hydrogen 
around the module wall, also at the longitudinal center The cadmium 
ratio at these locations is shown m Figure 9 12. On the outside edge 
of the fuel, approximately 4 5$ of the fissions are epi-thermal (above 
0.43 ev cadmium cutoff), while at the outside of the module only 3 % of 
the fission response is epi-thermal. The epi-thermal fractional response 
will drop even more as one penetrates into the reflector. Thus the fis- 
sion response shorn m the end and radial reflectors. Figure 9 13 and 9 Ir- 
respectively, are essentially relative thermal flux traverses A reflec- 
tor peak was not observed m the radial flux traverse because the trav- 
erse originated from a radial line between modules 1 and 3. The end 
reflector peaking was much less than observed on the seven module system 
because on the latter a fuel element was situated on the axial centerline, 
whereas m this three module system the axial traverse originated from 
a region between modules Figure 9-15 is a traverse across the separa- 
tion plane, the core face, and on a line through the end of module 1 
The large flux peaking between the modules at the reactor center is 
apparent. Figure 9 l6 shows the same type of traverse only going be- 
tween the ends of modules 1 and 2 and on out through the reflector 
The peak flux occurs approximately at the circle of the module center- 
lines (54.6 cm), and a small dip occurs at 38 cm, the point of shortest 
chord length of moderator between modules 

Oadmium ratios are shown in Figure 9* IT and 9 l8 m the 
modules. These vary little axially. The 13 4 cm value of 20 (5$ epi- 
thermal fissions) is probably characteristic of the average epithermal 
fission rate m the fuel 

9.4 Thermal Flux and Gold Cadmium Ratios 


Extensive gold foil measurements, both bare and cadmium 
covered, were taken throughout the S-nofnle assembly The foils were 
nominally 0 0013 cm thick, and the tabulated results are shown m Thble 

9.5. 


A radial plot of the gold foil activity within a module is 
shown m Figure 9.1 9. The plotted values are point values from the 
axial midplane These bare gold foil curves are flatter than either the 
catcher foil (U-235) response or the fuel worth results. The difference 
is principally because of the high level of epithermal response to the 
foils, about kOfo of the total at the edge of the fuel and 5 0% of the 
total at the center (The infinitely dilute response would be 60% epi- 
thermal at the edge and J0% epithermal at the center of the fuel ) Other 
relative gold foil activity plots are shown m Figures 9-20 (circum- 
ferential on outside of fuel and at outside of hydrogen), 9.21 (traverse 
through moderator), 9*22 (traverse m reflectors), 9-23 and 9 24 (longi- 
tudinal traverses in the modules ) 
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From the bare and cadmium data, thermal flaxes "were obtained 
A plot of the flax across the reactor at the axial midplane is shown an 
Figure 9-25, m equivalent 2100 m/sec "thermal" flax per watt of reactor 
power. Unfortunately there is insufficient detail m this data to show 
if any flax peaking occurs m the hydrogen. However, the traverse through 
the moderator region between modules shows the same details of a dip at 
shortest moderator chord length, and a peak at about the circle of centers 
for the modules as was observed with the catcher foils (Figure 9 l6) Note 
the catcher foil traverse "was across the end of the core, at the core separa 
tion plane, whereas the thermal flux traverse is at the axial midplane 
Fne thermal flux data is tabulated in Table 9.16 In Table 9 J the cadmium 
ratios for infinitely dilute gold are tabulated to show results from 1 4 at 
the center of the fuel (30% thermal response) to 630 near the outside of 
the reflector (essentially all thermal response) 
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TABLE 9 1 


Distribution of Fuel Sheets on the Fuel Rings 
3 Module Reactor - 0 55 Radius Ratio 


Ring Number 

1 

2 

3 

4 

5 

6 

7 

8 


Number of Fuel Sheets 


3 

5 

8 

10 

12 

15 

17 

20 


90 


Total sheets on rings of l6 stages 
Sheets on disks — 20 per disk 

Total sheets per element 

Total sheets m reactor 

Total uranium mass 

Uranium mass inside module (fuel element )= 


ikko 

3k0 

1780 

53^0 

13 98 kg 
4 66 kg/module 
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TABLE 9 2 


8 Actuator Tabular Rod Worth Curve 
3~Module Reactor (12 Manual Rods in Reactor) 


Position 

00 

100 

200 

300 

400 

500 

600 

700 

800 

900 

00 

100 00 

100 00 

97 20 

93 30 

89.45 

85 70 

82 02 

78.44 

74 97 

71 6l 

1000 

68 36 

65 22 

62 19 

59 26 

56 44 

53 73 

51 13 

48 63 

46 23 

43 94 

2000 

41.75 

39 66 

37 67 

35 78 

33 99 

32 29 

30 67 

29 12 

27 64 

26 22 

3000 

24 86 

23 56 

22 32 

21 12 

19 98 

18 88 

17 83 

16 82 

15 86 

i 4 94 

4000 

14 06 

13 22 

12 42 

11 64 

10 92 

10 23 

9 58 

8 96 

8 38 

7 83 

5000 

7 31 

6 81 

6 36 

5 92 

5 50 

5.10 

4.73 

4 38 

4 06 

3 76 

6000 

3.47 

3 20 

2 95 

2 71 

2 49 

2 28 

2 08 

1 90 

1.73 

1 57 

7000 

1 42 

1 28 

1 15 

1 03 

0.92 

0 82 

0 72 

0 63 

0 55 

0 47 

8000 

o 39 

0 32 

0.25 

0 19 

0 14 

0.10 

0 06 

0 03 

0 02 

0 01 


Difference Table 


Position 

00 

100 

200 

300 

400 

500 

600 

700 

800 

900 

00 

0 0 

0.0 

2 80 

3 90 

3 85 

3 75 

3 68 

3 58 

3 47 

3 36 

1000 

3 25 

3 14 

3 03 

2 93 

2 82 

2 71 

2 60 

2 50 

2 4 o 

2.29 

2000 

2 19 

2 09 

1 99 

1 89 

1 79 

1 70 

1.62 

1 55 

1 48 

1 42 

3000 

1 36 

1 30 

1 24 

1 20 

1 14 

1 10 

1 05 

1 01 

0 96 

0 92 

4000 

0 88 

0 84 

0 80 

0 78 

0 72 

0 69 

0 65 

0 62 

0 58 

0 55 

5000 

0 52 

0 50 

0 45 

0 44 

0 42 

0 4 o 

0 37 

0 35 

0 32 

0 30 

6000 

0 29 

0 27 

0 25 

0 24 

0 22 

0 21 

0.20 

0 18 

0 17 

0 16 

7000 

0 15 

0 .l 4 

0 13 

0.12 

0 11 

0 10 

0 10 

0 09 

0 08 

0 08 

8000 

0 08 

0 07 

0 07 

0 06 

0 05 

o.o 4 

0 04 

0 03 

0 02 

0 01 


Position scale is a digital voltmeter reading 
Units = 0 0155 cm/digit 



TABLE 9 3 


Fuel Worth, Longitudinally Averaged 
Module # 3 




Circumferential Position 

m 

Module 


Position 

30 ° 

120° 



300 ° 

Slot 

m Module 

(tangential) 

(radially inward) 

(radially outward) 

1 

O 

5 1 cm 

— 

1 40 $ Ak/kg 



— 

3 

13 8 

— 

2 23 

1 

54 

$ Ak/kg 

4 

18 2 

2 06 $Ak/kg 

2 28 



— 

5 

22 6 

— 

3 4 l 

2 

86 



19 4 

Outer ring of 

fuel 






Stage 8 (longitudinal center) 

2 

27 

$Ak/kg " 



Stage l6 (nozzle end) 

3 

60 

%Ak/kg y 


Average fuel worth = 1 65 % Ak/kg 



/ 
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TABLE 9 4 
Catcher Foil Data 
3-Module Reactor 

All Radial Locations are with Respect to the Module Axis Except as Noted 
All Values are Normalized to Power Level of Run 1186 


Run 1183 


Location 


Foil 

Foil 

Module 

Number 

Tyne 

Number 

1 

Bare 

3 

2 

Bare 

3 

3 

Bare 

3 

4 

Bare 

3 

5 

Bare 

3 

6 

Bare 

3 

T 

Bare 

3 

8 

Bare 

3 

9 

Bare 

3 

10 

Bare 

3 

11 

Bare 

3 

12 

Bare 

3 

13 

Bare 

3 

14 

Bare 

3 

15 

Bare 

3 

16 

Bare 

3 

17 

Bare 

3 

18 

Bare 

3 

19 

Bare 

3 

20 

Bare 

3 

21 

Bare 

3 

22 

Bare 

3 

23 

Bare 

3 

24 

Bare 

3 

25 

Bare 

3 

26 

Bare 

3 

27 

"Bare 

3 

28 

Bare 

3 

29 

Bare 

3 

30 

Bare 

3 

31 

Bare 

3 

32 

Bare 

3 

33 

Bare 

3 

34 

Bare 

3 

35 

Bare 

3 

36 

Bare 

3 


Angle Radial Axial 


!°cw) 

(cm) 

(cm) 

300 

4 

6 

92 

5 

300 

4 

6 

105 

8 

300 

4 

6 

121 

5 

300 

4 

6 

136 

3 

300 

4 

6 

151 

5 

300 

4 

6 

166 

8 

300 

4 

6 

182 

0 

300 

4 

6 

197 

2 

300 

4 

6 

210 

5 

300 

9 

0 

92 

5 

300 

9 

0 

105 

8 

300 

9 

0 

121 

5 

300 

9 

0 

136 

3 

300 

9 

0 

151 

5 

300 

9 

0 

166 

8 

300 

9 

0 

182 

0 

300 

9 

0 

197 

2 

300 

9 

0 

210 

5 

300 

13 

4 

92 

5 

300 

13 

4 

105 

8 

300 

13 

4 

121 

5 

300 

13 

4 

136 

3 

300 

13 

4 

151 

5 

300 

13 

4 

166 

8 

300 

13 

4 

182 

0 

300 

13 

4 

197 

2 

300 

13 

4 

210 

5 

300 

17 

8 

92 

5 

300 

17 

8 

105 

8 

300 

17 

8 

121 

5 

300 

17 

8 

136 

3 

300 

17 

8 

151 

5 

300 

17 

8 

166 

8 

300 

17 

8 

182 

0 

300 

17 

8 

197 

2 

300 

17 

8 

210 

5 


Normalized 

Counts 

Local to 
Foil (X) 

95438 

1 159 

80763 

0 980 

78941 

0 958 

77323 

0 938 

82378 

1 000 (X) 

77873 

0 946 

78339 

0 950 

83260 

1 001 

110061 

1 335 

99145 

1 203 

84727 

1 028 

80203 

0 973 

82025 

0 995 

80432 

0 976 

79572 

0 965 

81007 

0 983 

80314 

0 974 

112167 

1 361 

105171 

1 276 

94673 

1 148 

86957 

l 055 

87004 

1 055 

92357 

1 120 

9H52 

1 106 

91057 

1 105 

89270 

1 083 

119800 

1 453 

125427 

1 521 

118012 

1 431 

112559 

1 365 

109808 

1 332 

109960 

1 334 

112516 

1 365 

110550 

1 341 

119680 

1 452 

132787 

1 6 ll 
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TABLE 9 4 
(Continued) 


Run 1189 


Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

[umber 

Type 

Rumber 

( °cw ) 

(cm) 

(cm) 

Counts 

Foil (X) 

37 

Bare 

3 

300 

22 2 

92 5 

153205 

1 858 

38 

Bare 

3 

300 

22 2 

105 8 

136691 

1 658 

39 

Bare 

3 

300 

22 2 

121 5 

139716 

1 695 

1*0 

Bare 

3 

300 

22 2 

136 3 

137386 

1 666 

hi 

Bare 

3 

300 

22 2 

151 5 

141899 

1 721 

42 

Bare 

3 

300 

22 2 

166 8 

135418 

1 643 

43 

Bare 

3 

300 

22 2 

182 0 

135140 

1 639 

44 

Bare 

3 

300 

22 2 

197 2 

132054 

l 602 

45 

Bare 

3 

300 

22 2 

210 5 

149857 

1 818 


Location 


Foil 

number 

Foil 

Type 

Module 

number 

Stage 

Radial From 
Center (cm) 

Degrees 

cw 

normalized 

Counts 

Local to 
Foil (X) 

46 

Bare 

3 

8 

19 4 

0 

113063 

1 371 

47 

Bare 

3 

8 

19 4 

22 5 

116115 

1 408 

48 

Bare 

3 

8 

19 4 

45 0 

121596 

1 475 

49 

Bare 

3 

8 

19 4 

67 5 

127937 

1 552 

50 

Bare 

3 

8 

19 4 

90 0 

136821 

1 66 0 

51 

Bare 

3 

8 

19 4 

112 5 

139U5 

1 687 

52 

Bare 

3 

8 

19 4 

135 0 

142253 

1 726 

53 

Bare 

3 

8 

19 4 

157 5 

144806 

1 756 

54 

Bare 

3 

8 

19 4 

180 0 

134031 

1 626 

55 

Bare 

3 

8 

19 4 

202 5 

137056 

1 662 

56 

Bare 

3 

8 

19 4 

225 0 

124467 

1 510 

57 

Bare 

3 

8 

19 4 

247 5 

118043 

1 432 

58 

Bare 

3 

8 

19 4 

270 0 

118007 

1 431 

59 

Bare 

3 

8 

19 4 

292 5 

120373 

1 460 

60 

Bare 

3 

8 

19 4 

315 0 

117655 

1 427 

6l 

Bare 

3 

8 

19 4 

337 5 

103584 

1 256 
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TABLE 9 4 
(Continued) 


Run 1186 


Location 


Foil 

Foil 

Module 

Angle 

Radial 

Axial 

normalized 

Cadmium 

Humber 

Type 

Humber 

(°w) 

(cm) 

(cm) 

Counts 

Ratio 

1 

Cad Cov 

3 

300 

13 4 

92 5 

5462 

19 255 

2 

Cad Cov 

3 

300 

13 4 

151 5 

5252 

17 585 

3 

Cad Cov 

3 

300 

13 4 

210 5 

5356 

22 367 

4 

Cad Cov 

3 

300 

22 2 

92 5 

5233 

29 277 

5 

Cad Cov 

3 

300 

22 2 

151 5 

5578 

25 439 

6 

Cad Cov 

3 

300 

22 2 

210 5 

5009 

29 917 


Foil 

Foil 

Module 


Radial 

Degrees 

Normalized 

Cadmium 

Humber 


Number 


(cm) 

ew 

Counts 

Ratio 

7 

Cad Cov 

3 

8 

19 4 

0 

5455 

20 726 

8 

Cad Cov 

3 

8 

19 4 

90 

554 9 

24 657 

9 

Cad Cov 

3 

8 

19 4 

180 

5631 

23 802 

10 

Cad Cov 

3 

8 

19 4 

270 

5498 

21 463 

Run 1187 








Foil 

Foil 

Module 


Radial 

Degrees 

Normalized 

Local to 

Humber 

Type 

Humber 

Stage 

(cm) 

cw 

Counts 

Foil (X) 

1 

Bare 

3 

8 

35 2 

0 

184228 

2 235 

2 

Bare 

3 

8 

35 2 

22 5 

188391 

2 285 

3 

Bare 

3 

8 

35 2 

45 0 

203109 

2 464 

4 

Bare 

3 

8 

35 2 

67 5 

216157 

2 622 

5 

Bare 

3 

8 

35 2 

90 0 

228701 

2 774 

6 

Bare 

3 

8 

35 2 

112 5 

225596 

2 736 

7 

Bare 

3 

8 

35 2 

135 0 

233208 

2 829 

8 

Bare 

3 

8 

35 2 

157 5 

224540 

2 724 

9 

Bare 

3 

8 

35 2 

180 0 

217375 

2 637 

10 

Bare 

3 

8 

35 2 

202 5 

218397 

2 649 

11 

Bare 

3 

8 

35 2 

225 0 

199628 

2 421 

12 

Bare 

3 

8 

35 2 

247 5 

192808 

2 339 

13 

Bare 

3 

8 

35 2 

270 0 

179469 

2 177 

l4 

Bare 

3 

8 

35 2 

292 5 

177880 

2 158 

15 

Bare 

3 

8 

35 2 

315 0. 

178387 

2 16 4 

16 

Bare 

3 

8 

35 2 

337 5 

177692 

2 155 







TABLE 9 4 
(Continued) 


Run 1188- 


Location 


Foil 

Number 

Foil 

Type 

Module 

Number 

1 

Bare 

3 

2 

Bare 

3 

3 

Bare 

3 

4 

Bare 

3 

5 

Bare 

3 

6 

Bare 

3 

7 

Bare 

3 

8 

Bare 

3 

9 

Bare 

3 

10 

Bare 

3 

11 

Bare 

3 

12 

Bare 

3 

13 

Bare 

3 

l4 

Bare 

3 

15 

Bare 

3 

16 

Bare 

3 

17 

Bare 

3 

18 

Bare 

3 

19 

Bare 

3 

20 

Bare 

3 

21 

Bare 

3 

22 

Bare 

3 

23 

Bare 

3 

24 

Bare 

3 

25 

Bare 

3 

26 

Bare 

3 

27 

Bare 

3 

28 

Bare 

3 

29 

Bare 

3 

30 

Bare 

3 

31 

Bare 

3 

32 

Bare 

3 

33 

Bare 

3 

34 

Bare 

3 

35 

Bare 

3 

36 

Bare 

3 

37 

Bare 

3 

38 

Bare 

3 

39 

Bare 

3 

4o 

Bare 

3 

4l 

Bare 

3 


Angle Radial Axial 


[ °cw) 

(cm) 

(cm 

L 

120 

4 

6 

92 

5 

120 

4 

6 

105 

8 

120 

4 

6 

121 

5 

120 

4 

6 

136 

3 

120 

4 

6 

151 

5 

120 

4 

6 

166 

8 

120 

4 

6 

- 182 

0 

120 

4 

6 

197 

2 

120 

4 

6 

210 

5 

120 

9 

0 

92 

5 

120 

9 

0 

105 

8 

120 

9 

0 

121 

5 

120 

9 

0 

136 

3 

120 

9 

0 

151 

5 

120 

9 

0 

166 

8 

120 

9 

0 

182 

0 

120 

9 

0 

197 

2 

120 

9 

0 

210 

5 

120 

13 

4 

92 

5 

120 

13 

4 

105 

8 

120 

13 

4 

121 

5 

120 

13 

4 

136 

3 

120 

13 

4 

151 

5 

120 

13 

4 

166 

8 

120 

13 

4 

182 

0 

120 

13 

4 

197 

2 

120 

13 

4 

210 

5 

120 

17 

8 

92 

5 

120 

17 

8 

105 

8 

120 

17 

8 

121 

5 

120 

17. 

,8 

136 

3 

120 

17 

8 

151 

5 

120 

17 

8 

166 

8 

120 

17 

8 

182 

0 

120 

17 

8 

197 

2 

120 

17 

8 

210 

5 

120 

22 

2 

92 

5 

120 

22 

2 

105 

8 

120 

22 

2 

121 

5 

120 

22 

2 

136 

3 

120 

22 

2 

151 

5 


Normalized 

Counts 

Local to 
Foil (X) 

99760 

1 210 

84414 

1.024 

83250 

1 010 

82762 

1 004 

8i46o 

0 988 

80208 

0 973 

81312 

0 986 

86528 

1 050 

116108 

1 4o8 

90898 

1 103 

90156 

1 094 

90303 

1 095 

87433 

1 06l 

89371 

1 084 

88661 

1 075 

93260 

1 131 

121791 

1 ^77 

117345 

1 423 

104779 

1 271 

100503 

1 219 

97991 

1 189 

104424 

1 267 

104203 

1 264 

99200 

1 203 

101041 

1 226 

119531 

1 450 

149763 

1 817 

138200 

1 676 

134442 

1 631 

129930 

1 576 

126930 

1 540 

130152 

1 579 

130456 

1 582 

125648 

1 524 

153695 

1 864 

180388 

2 188 

160374 

1 945 

165243 

2 004 

163781 

1 987 

169323 

2 054 
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TABLE 9 4 
(Continued) 


Run 1188 






Location 



Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 

Number 


Number 

(°cw) 

(cm) 

(cm) 

Counts 

Foil (X) 

42 

Bare 

3 

120 

22 2 

166 8 

165588 

2 009 

43 

Bare 

3 

120 

22 2 

182 0 

166522 

2 020 

44 

Bare 

3 

120 

22 2 

197 2 

159356 

1 933 

45 

Bare 

3 

120 

22 2 

210 5 

170104 

2 063 

Run 1190 







Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Cadmium 

Number 


Number 

(°cv) 

(cm) 

(cm) 

Counts 

Ratio 

1 

Cad Cov 

3 

120 

13 4 

92 5 

558it 

21 015 

2 

Cad Cov 

3 

120 

13 4 

151 5 

5209 

20 047 

3 

Cad Cov 

3 

120 

13 4 

210 5 

5384 

22 201 

4 

Cad Cov 

3 

120 

22 5 

92 5 

5488 

32 870 

5 

Cad Cov 

3 

120 

22 5 

151 5 

6109 

27 717 

6 

Cad Cov 

3 

120 

22 5 

210 5 

5642 

30 150 

Run 1190 







Foil 

Foil 

Module 


Radial 

Degrees 

Normalized Cadmium 

Number 

Type 

Number 

Stage 

(cm) 

cw 

Counts 

Ratio 

7 

Cad Cov 

3 

8 

19 4 

it 5 0 

5517 

22 040 

8 

Cad Cov 

3 

8 

19 4 

135 0 

5803 

24 514 

9 

Cad Cov 

3 

8 

19 4 

225 0 

5926 

21 004 

10 

Cad Cov 

3 

8 

19 ^ 

315 0 

5664 

20 772 


Run 1190 


Radial From 


Foil 

Foil 

Module 

Reactor Center 

Axial 

Normalized 

Local to 

[umber 

Type 

Number 

Stage Through Module 1 

(cm) 

Counts 

Foil (X) 

11 

Bare 


0 0 

212 0 

222988 

2 705 

12 

Bare 


7 6 

212 0 

222339 

2 697 

13 

Bare 


15 2 

212 0 

206680 

2 507 

lit 

Bare 


22 8 

212 0 

191842 

2 327 

15 

Bare 


30 5 

212 0 

I61160 

1 955 

16 

Bare 


38 1 

212 0 

139914 

1 697 

17 

Bare 


45 7 

212 0 

119847 

1 454 

18 

Bare 


53 3 

212 0 

111464 

1 352 

19 

Bare 


61 0 

212 0 

112442 

1 364 

20 

Bare 


68 6 

212 0 

120887 

1 466 

21 

Bare 


76 2 

212 0 

141204 

1 713 

22 

Bare 


83 8 

212 0 

147984 

1 795 

23 

Bare 


91 4 

212 0 

150031 

1 820 
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TABLE 9 4 
(Continued) 


Run 1190 


Foil 

Foil 

Module 


Radial From 

Degrees Normalized 

Local to 

Number 

■9 

Number 


Centez 

• of Module 

cw 

Counts 

Foil (X) 

24 

Cad Cov 

3 

9 


35 2 

0 0 

6094 

30 231 

25 

Cad Cov 

3 

9 


35 2 

90 0 

6113 

37 412 

2 6 

Cad Cov 

3 

9 


35 2 

180 0 

6234 

34 869 

27 

Cad Cov 

3 

9 


35 2 

270 0 

5853 

30 663 

Run 11Q1 












Location 




Foil 

Foil 

Module 

Angle 

Radial 

Axial 

Normalized 

Local to 


Number 

Type 

Number 

(°cv) 

(cm) 

(cm) 

Counts 

Foil (X) 


1 

Bare 

3 

30 

4 6 

92 5 

93878 

1 139 


2 

Bare 

3 

30 

k 6 

121 5 

80225 

0.973 


3 

Bare 

3 

30 

4 6 

151 5 

79978 

0 970 


k 

Bare 

3 

30 

4 6 

182 0 

82691 

1 003 


5 

Bare 

3 

30 

4 6 

210 5 

114555 

1 390 


6 

Bare 

3 

30 

9 0 

92 5 

99468 

1 207 


7 

Bare 

3 

30 

9 0 

121 5 

85136 

1 033 


8 

Bare 

3 

30 

9 0 

151 5 

86548 

1 050 


9 

Bare 

3 

30 

9 0 

182 0 

86111 

1 045 


10 

Bare 

3 

30 

9 0 

210 5 

114011 

1 383 


11 

Bare 

3 

30 

13 4 

92 5 

107610 

1 305 


12 

Bare 

3 

30 

13 4 

121 5 

96285 

1 168 


13 

Bare 

3 

30 

13 4 

151 5 

97513 

1 183 


lit 

Bare 

3 

30 

13 4 

182 0 

94780 

1 150 


15 

Bare 

3 

30 

13 4 

210 5 

126112 

1 530 


l 6 

Bare 

3 

30 

17 8 

92 5 

127799 

1 550 


17 

Bare 

3 

30 

17 8 

121 5 

121939 

1 479 


18 

Bare 

3 

30 

17 8 

151 5 

123158 

1 494 


19 

Bare 

3 

30 

17 8 

182 0 

114308 

1 387 


20 

Bare 

3 

30 

17 8 

210 5 

138584 

1.681 


21 

Bare 

3 

30 

22 2 

92 5 

152954 

1 855 


22 

Bare 

3 

30 

22 2 

121 5 

151053 

1 832 


23 

Bare 

3 

30 

22 2 

151 5 

144102 

1 748 


2k 

Bare 

3 

30 

22 2 

182 0 

146436 

1 776 


25 

Bare 

3 

30 

22 2 

210 5 

161265 

1 956 
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TABLE 9 4 
(Continued) 


Run 1191 





Radial From 








Reactor Center 





Foil 

Foil 

Module 

Angle 120° Between 

Axial 

normalized 

Local to 

Humber 

Type 

Humber 

(°cw) Modules 1 & 2 

(cm) 

Counts 

Foil (X) 

,26 

Bare 


0 0 


212 

0 

221884 

2 691 

27 

Bare 


7 6 


212 

0 

226369 

2 746 

28 

Bare 


15 2 


212 

0 

224470 

2 723 

29 

Bare 


22 8 


212. 

.0 

238862 

2 897 

30 

Bare 


30 5 


212. 

.0 

244019 

2 960 

31 

Bare 


38 1 


212 

0 

219551 

2 663 

32 

Bare 


45 7 


212 

0 

249887 

3.031 

33 

Bare 


53 3 


212 

0 

245591 

2 979 

34 

Bare 


61 0 


212 

0 

225012 

2 729 

35 

Bare 


68 6 


212 

0 

203410 

2 467 

36 

Bare 


76 2 


212 

0 

170000 

2 062 

37 

Bare 


83 8 


212 

0 

147966 

1 795 

38 

Bare 


91 4 


212 

0 

119341 

1.448 

39 

Bare 


99 0 


212 

0 

95875 

1 163 

4o 

Bare 


106 6 


212 

0 

81926 

0.994 

4l 

Bare 


114 3 


212 

0 

69747 

0 846 

42 

Bare 


121 9 


212 

0 

58198 

0 706 

43 

Bare 


137 1 


212 

0 

38445 

0.466 

44 

Bare 


152 4 


212 

0 

23824 

0 289 

45 

'Bare 


167 5 


212 

0 

12397 

0 150 

46 

Bare 


182 9 


212 

0 

2704 

0 033 

47 

Bare 


0 0 


89 

4 

300691 

3 647 

48 

Bare 


0 0 


74 

9 

314211 

3 811 

49 

Bare 


0 0 


59 

6 

249079 

3 021 

50 

Bare 


0 0 


44 

4 

157391 

1 909 

51 

Bare 


0 J 0 


29 

1 

95971 

1 164 

52 

Bare 


0 0 


13 

9 

48690 

0 591 

53 

Bare 


0 0 


0 


7359 

0 089 

Run 1191 


Location 





Foil 

Foil 

Module 

Angle Radial 

Axial normalized 

Local to 

Humber 

Type 

Humber 

(°cw) (cm) 

(cm) 


Counts 

Foil (X) 

54 

Bare 


93 2 

151 

5 

226323 

2 745 

55 

Bare 


107 7 

151 

5 

169309 

2 054 

56 

Bare 


123 0 

151 

5 

123644 

1 500 

57 

Bare 


138 2 

151 

5 


83317 

1 Oil 

58 

Bare 


153.4 

151 

5 


50480 

0 612 

59 

Bare 


168 7 

151. 

5 


23425 

0.284 

60 

Bare 


183 7 

151 

5 


3266 

0 040 
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TABLE 9 
(Continued) 


Run 1191 


Foil 

Number 

Foil 

Type 

Module 

Number 

Angle 

(°cw) 

Radial From 
Center of Element 

Axial 

(cm) 

Normalized 

Counts 

Local to 
Foil (X) 

61 

Bare 

1 


0 0 

212 0 

111704 

1 355 

62 

Bare 

1 


0 0 

212 0 

108279 

1 313 

63 

Bare 

2 


0 0 

212 0 

115520 

1 401 

64 

Bare 

2 


0 0 

212 0 

107092 

1 2 99 

65 

Bare 

3 


0 0 

212 0 

116124 

1 409 

66 

Bare 

3 


0 0 

212 0 

117216 

1 422 
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TABLE 9 5 


Gold Foil Data 
3-Module Cavity Reactor 
(All Normalized to ‘‘Power Level of Run 1186) 


Run 1185 


Foil 

Foil 

Location 
Radial Axial 

Foil 

Weight 

Specific Activity 
d/m/gm x 10"° 

Local to 

Number 

Type 

(cm) 

(cm) 

(&m) 

Foil (X) 

1 

Bare 

0 0 

89.4 

0 0362 

10 774 

2 535 

2 

Bare 

0 0 

74 9 

0 0360 

10 46l 

2 46l 

3 

Bare 

0 0 

59 6 

0 0336 

7 634 

1 796 

4 

Bare 

0 0 

44 4 

0 0359 

5 021 

1 181 

5 

Bare 

0 0 

29 l 

0 0357 

2 989 

0 703 

6 

Bare 

0 0 

13 9 

0 0349 

1 478 

0 348 

T 

Bare 

0 0 

0 

0.0367 

0 250 

0 059 

8 

Bare 

93 2 

151 5 

0.0366 

6 887 

1 620 

9 

Bare 

107 7 

151 5 

0 0364 

5 267 

1 239 

10 

Bare 

123 0 

151 5 

0 0373 

3 677 

0 865 

11 

Bare 

138 2 

151 5 

0 0353 

2 493 

0 587 

12 

Bare 

153 4 

151 5 

0 0356 

1 521 

0 357 

13 

Bare 

168 7 

151 5 

0 0367 

0 643 

0 151 

l4 

Bare 

183.7 

151 5 

0 0370 

0 098 

0 023 


Radial Foil Specific 


Foil 

Number 

Foil 

Type 

Module 

Number 

Stage 

Distance 
From Center 

Degrees 

cw 

Weight 

(gm) 

Activity 
d/m/gm x 10 - ^ 

Local to 
Foil (X) 

15 

Bare 

3 

9 

19 4 

0 

0 0362 

5 670 

1 334 

16 

Bare 

3 

9 

19 4 

22 5 

0 0360 

5 746 

1 352 

17 

Bare 

3 

9 

19 4 

45 0 

0 0372 

6 200 

1 459 

18 

Bare 

3 

9 

19 4 

67 5 

0 0358 

6 443 

1 516 

19 

Bare 

3 

9 

19 4 

90 0 

0 0357 

6 929 

1 630 

20 

Bare 

3 

9 

19 4 

112 5 

0 0357 

6 445 

1 516 

21 

Bare 

3 

9 

19 4 

135 0 

0 0377 

6 331 

1 490 

22 

Bare 

3 

9 

19 4 

157 5 

0 0359 

6 329 

1 489 

23 

Bare 

3 

9 

19 4 

180 0 

0 0353 

6 500 

1 529 

24 

-Bare 

3 

9 

19 4 

202 5 

0 0364 

6 344 

1 493 

25 

Bare 

-3 

9 

19 4 

225 0 

0 0364 

5 998 

1 411 

26 

Bare 

3 

9 

19 4 

247 5 

0 0364 

5 690 

1 339 

27 

Bare 

3 

9 

19 4 - 

270 0 

0 0353 

5 612 

1 320 

28 

Bare 

3 

9 

19 4 

292 5 

0 0368 

5 713 

1 344 

29 

Bare 

3 

9 

19 4 

315 0 

0 0359 

5 679 

1 336 

30 

Bare 

3 

9 

19 4 

337 5 

0 0353 

5 691 

1 339 
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TABLE 9 5 


(Continued) 


Rim 1185 




Radial Traverse 

Foil 


Foil 

Foil 

Distance From 

Weight 

Specific Activity 
d/m/gm x 10" 

Number 

Type 

Module Center 

(gm) 

31 

Cad Cov 


35 3 

0 0358 

3 493 

32 

Cad Cov 


57 4 

0 0360 

2 942 

33 

Cad Cov 


79 5 

0 0364 

3 545 

34 

Cad Cov 


101 6 

0 0361 

2 575 

35 

Cad Cov 


123 7 

0 0346 

0 759 

36 

Cad Cov 


145 8 

0 0356 

0 119 

Run 1186 


Location ^ 

Foil 

Specific 


Foil 

Foil 

Radial 

Axial Weight 

Activity 

Local to 
' 6 Foil (X) 

Number 

Type 

(cm) 

(cm) (gm) 

d/m/gm x 10' 

1 

Cad Cov 

0 0 

74 9 0 0365 

0 726 


2 

Cad Cov 

0 0 

44 4 0 0358 

0 034 


3 

Cad Cov 

107 7 

151 5 0 0351 

0 044 


4 

Cad Cov 

138 2 

151 5 0 0367 

0 002 



Foil 

Number 

Foil 

Type 

Module 

Number 

Stage 

Radial Distance 
From Center 

Degrees 

cw 

Foil 

Weight 

(gm) 

Specific 
Activity s 
d/m/gm x 10 

Local to 
Foil (X) 

5 

Bare 

3 

9 

35 2 

0 

0 0369 

7 718 

1 8l6 

6 

Bare 

3 

9 

35 2 

22 5 

0 0353 

8 057 

1 896 

7 

Bare 

3 

9 

35 2 

45 0 

0 0359 

8 524 

2 006 

8 

Bare 

3 

9 

35 2 

67 5 

0 0368 

8 905 

2 095 

9 

Bare 

3 

9 

35 2 

90 0 

0 0353 

9 322 

2 193 

10 

Bare 

3 

9 

35 2 

112 5 

0 0337 

9 459 

2 226 

11 

Bare 

3 

9 

35 2 

135 0 

0 0371 

9 270 

2 l8l 

12 

Bare 

3 

9 

35 2 

157 5 

0 0355 

8 995 

2 ll6 

13 

Bare 

3 

9 

35 2 

180 0 

0 0345 

8 533 

2 008 

14 

Bare 

3 

9 

35 2 

202 5 

0 0363 

8 175 

1 923 

15 

Bare 

3 

9 

35 2 

225 0 

0 0359 

7 828 

1 842 

16 

Bare 

3 

9 

35 2 

247 5 

0 0363 

7 550 

1 776 

17 

Bare 

3 

9 

35 2 

270 0 

0 0355 

7 413 

1 744 

18 

Bare 

3 

9 

35 2 

292 5 

0 0369 

7 322 

1 723 

19 

Bare 

3 

9 

35 2 

315 0 

0 0372 

7 468 

1 757 

20 

Bare 

3 

9 

35 2 

337 5 

0 0349 

7 557 

1 778 




TABLE 9 5 


(Continued) 


Run 1187 

Location 


Foil 

Number 

Foil 

Type 

Radial 

(cm) 

Axial 

(cm) 

Weight 

Specific Activity 
d/m/ gm x 10“6 

Local to 
Foil (x) 

1 

Cad Cov 

0 0 

89 

4 

0 0348 

1 6l9 


2 

Cad Cov 

0 0 

59 

6 

0 0364 

0 168 


3 

Cad Cov 

0 0 

29 

1 

0 0350 

0 006 


4 

Cad Cov 

93 2 

151 

5 

0 0360 

0 070 


5 

Cad Cov 

123 0 



0 0357 

0 006 


6 

Cad Cov 

153 k 



0 0360 

0 0001 


7 

Bare 

it 6 

92 

5 

0 0357 

4 823 

1 135 

8 

Bare 

k 6 

121 

5 

0 0369 

4 339 

1 021 

9 

Cad Cov 

it 6 

136 

3 

0 0371 

2 064 


10 

- Bare 

k 6 

151 

5 

0 0348 

4.250 

1 000 (x) 

11 

Cad Cov 

4 6 

166 

8 

0 0354 

2 108 


12 

Bare 

U 6 

182 

0 

0 0359 

4 324 

1 017 

13 

Bare 

it 6 

210 

5 

0 0365 

5 338 

1 256 

l4 

Bare 

9 0 

92 

5 

0 0350 

4 956 

1 166 

15 

Bare 

9 0 

121 

5 

0 0359 

4 398 

1 035 

16 

Bare 

9 0 

151 

5 

0 0350 

4 477 

1 053 

17 

Bare 

9.0 

182 

0 

0 0355 

4 444 

1 046 

18 

Bare 

9 0 

210 

5 

0 0360 

5 229 

1 230 

19 

Bare 

13 it 

92 

5 

0 0359 

4 988 

1 174 

20 

Bare 

13 4 

121 

5 

0 03 68 

4 618 

1 087 

21 

Bare 

13 4 

151 

5 

0 0364 

4 764 

1 121 

22 

Bare 

13 4 

182 

0 

0 0358 

4 670 

1 099 

23 

Bare 

13 4 

210 

5 

0.0351 

5 565 

1 309 

24 

Bare 

17 8 

92 

5 

0 0357 

5 644 

1 328 

25 

Bare 

17 8 

121 

5 

0 0363 

5 288 

1 244 

26 

Cad Cov 

22 2 

136 

3 

0 0359 

2 212 


27 

Bare 

17 8 

151 

5 

— 

— 

— 

28 

Cad Cov 

22 2 

166 

8 

0 0353 

2 249 


29 

Bare 

17 8 

182 

0 

0 0359 

5 244 

1 234 

30 

Bare 

17 8 

210 

5 

0.0356 

6 002 

1 412 

31 

Bare 

22 2 

92 

5 

0 0360 

6 495 

1 528 

32 

Bare 

22 2 

121 

5 

0 0365 

6 211 

1 46l 

33 

Bare 

22. 2 

151 

5 

0 0352 

6 4l8 

1 510 

3k 

Bare 

22 2 

182 

0 

0 0365 

6 0 66 

1 427 

35 

Bare 

22 2 

210 

5 

0 0360 

6 450 

1 518 


Foil 

Number 

Foil 

Type 

Radial Traverse 
Distance From 
Module Center 

Foil 

Weight 

(gm) 

Specific 
Activity 
d/m/ gm x 10“ 

Local to 
Foil (X) 

36 

Bare 

35 3 

0 0359 

6 647 

1 564 

37 

Bare 

46 3 

0 0361 

9 305 

2 189 

38 

Bare 

57 4 

0 0350 

11 744 

2 763 
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TABLE 9 5 


(Continued) 


Run 1187 


Foil 
Number - 

Foil 

Type 

Radial Traverse 
Distance From 
Module Center 

Foil 

Weight 

(gm) 

Specific 
Activity s 
d/m/gm x 10~° 

Local to 
Foil (X) 

39 

Bare 

68 4 

0 0364 

13 705 

3 225 

4o 

Bare 

79 5 

0 0365 

14 287 

3 362 

111 

Bare 

90 5 

0 0354 

14 371 

3 381 

42 

Bare 

101 6 

0 0361 

l4 585 

3 432 

43 

Bare 

112 6 

0 0374 

15 569 

3 663 

44 

Bare 

123 7 

0 0364 

16 675 

3 923 

45 

Bare 

134 7 

0 0369 

15 616 

3 674 

46 

Bare 

145 8 

0 0356 

10 327 

2 430 


Run 1187 


Foil Specific 


Foil 

Foil 

Module 


Radial Distance 

Degrees 

Weight 

Activity . 

Number 


Number 

Stage From 

Center 

cw 

(gm) 

d/m/gm x 10"° 

47 

Cad Cov 

3 

< 


19 4 

0 

0 0365 

2 149 

48 

Cad Cov 

3 



19 4 

90 

0 0356 

2 357 

49 

Cad Cov 

3 

< 

) 

19 4 

180 

0 0359 

2 256 

50 

Cad Cov 

3 

9 

19 4 

270 

0 0368 

2 179 

Run 1188 










Location 










Foil 

Specific 


Foil Foil 

Radial 

Axial 

Weight 

Activity 

Local to 

Number Type 

(cm) 

(cm) 

(cm) 

d/m/gm x 

10"° 

Foil (X) 

1 

Bare 

0 

0 

82 5 

0 0356 

11 654 

2 742 

2 

Bare 

0 

0 

67 2 

0 0372 

9 294 

2 187 

3 

Bare 

0 

0 

52 0 

0 0363 

6 249 

1 470 

4 

Bare 

100 

1 

151 5 

0 0367 

6 387 

1 503 

5 

Bare 

115 

4 

151 5 

0 0354 

4 610 

1 O85 

6 

Bare 

130 

6 

151 5 

0 0^65 

3 230 

0 760 

Run 1188 















Foil 

Specific 

Foil 

Foil 

Module 


Radial Distance 

Degrees 

Weight 

Activity 

Number 


Number 

Stage From 

Center 

cw 


d/m/gm x 10"° 

7 

Cad Cov 

3 

9 

35 2 

0 

0 0363 

2 496 

8 

Cad Cov 

3 

9 


35 2 

90 

0 0359 

2 672 

9 

Cad Cov 

3 

9 


35 2 

180 

0 0362 

2 554 

10 

Cad Cov 

3 

9 


35 2 

270 

0 0360 

2 387 
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TABLE 9 5 


(Continued) 


Run 1188 








Foil 


Foil 



Distance ! 

From 

Weight Specific Activity 

Number 

Foil Type 


Module Center 

(gm) 1 

d/m/gm x 10"8 

11 

Cad Coy 


46 3 



0 0363 

2 323 

12 

Cad Cov 


68 b 



0 0363 

2 883 

13 

Cad Cov 


90 5 



0 0350 

2 102 

14 

Cad Cov 


112 6 



0 0346 

0 591 

Run 1190 









Radial Traverse 


Foil 

Specific 


Foil 

Foil Distance From 


Weight 

Activity 

. Local to 

Number 

Type Module 

Center 



d/m/gm x 10 ° Foil (X) 

1 

Bare 

5T 4 


0 0356 

IT 242 

4 057 

2 

Bare 

T9 

5 


0 0348 

, 15 088 

3 550 

3 

Bare 

101 6 


0 0375 

14 948 

3 517 

4 

Bare 

123 7 


0 0364 

12 208 

2 872 

Run 1190 









Location 









Foil 

Specific 


Foil 

Foil Radial 

Axial 

Weight 

Activity , 

Local to 

Number 

Type (cm) 

(cm) 


(gm) d/m/gm x 10 

Foil (X) 

5 

Cad Cov 0 

0 

74 9 

0 

0359 

0 738 


6 

Cad Cov 0 

0 

44 4 

0 

0361 

0 032 


T 

Cad Cov 0 

0 

13 9 

0 

0360 

0 001 


8 

Bare 93 

2 

151 5 

0 

0366 

6 569 

1 546 

9 

Bare 10T 

T 

151 5 

0 

0358 

5 183 

1 220 

10 

Bare 123 

0 

151 5 

0 

0351 

— 


11 

Bare 138 

2 

151 5 

0 

0376 

— 


12 

Bare 153 

4 , 

151 5 

0 

0365 

— 


13 

Bare 168 

T 

151 5 

0 

0370 

— 


14 

Bare 183 

T 

151 5 

0 

0345 

— 


15 

Bare 99 

0 

212 0 

0 

0368 

5 574 

1 312 

16 

Bare 107 

T 

212 0 

0 

0364 

4 886 

1 150 

IT 

Bare 115 

3 

212 0 

0 

0369 

4 211 

0 991 

18 

Bare 130 

5 

212 0 

0 

0361 

2 718 

0 64o 

19 

Bare 145 

T 

212 0 

0 

0344 

1 640 

0 386 

20 

Bare 160 

9 

212 0 

0 

0370 

0 890 

0 209 

Run 1191 








1 

Bare 0 

0 

212 0 

0 

0351 

7 744 

1 822 

Run 1192 








1 

Bare 4 

6 

92 5 

0 

0356 

5 245 

1 234 

2 

Bare 4 

6 

121 5 

0 

0358 

4 537 

1 068 
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TABLE 9 5 


( Continued) 


Run 1192 


Foil 

Number 

Foil 

Type 

Location 

Radial Axial 
(cm) (cm) 

Foil 

Weight 

(gm) 

Specific 
Activity 
d/m/gm x 10” 6 

Local to 
Foil (X) 

3 

Cad Cov 

k 6 

136 3 

0 0360 

2 264 


4 

Bare 

k 6 

151 5 

0 0361 

4 644 

1 093 

5 

Cad Cov 

h 6 

166 8 

0 0346 

2 259 


6 

Bare 

h 6 

182 0 

0 0363 

4 526 

1 065 

7 

Bare 

b 6 

210 5 

0 0352 

5 528 

1 301 

8 

Bare 

9 0 

92 5 

0 0357 

5 318 

1 251 

9 

Bare 

9 0 

121 5 

0 0351 

4 727 

1 112 

10 

Bare 

9 0 

151 5 

0 0362 

4 860 

1 144 

11 

Bare 

9 0 

182 0 

0 0372 

4 60 4 

1 083 

12 

Bare 

9 0 

210 5 

0 0363 

5 731 

1 348 

13 

Bare 

13 k 

92 5 

0 0363 

5 551 

1 306 

14 

Bare 

13. 4 

121 5 

0 0354 

5 096 

1 199 

15 

Bare 

13 4 

151 5 

0 0358 

5 259 

1 237 

16 

Bare 

13 4 

182 0 

0 0369 

5 037 

1 185 

17 

Bare 

13.4 

210 5 

0 0360 

5 979 

1 407 

18 

Bare 

17 8 

92 5 

0 0350 

6 699 

1 576 

19 

Bare 

17 8 

121 5 

0 0352 

6 173 

1 452 

20 

Bare 

17 8 

151 5 

0 0363 

6 244 

1 469 

21 

Bare 

17 8 

182 0 

0 0365 

6 196 

1 458 

22 

Bare 

17 8 

210 5 

0 0358 

6 529 

l 536 

23 

Bare 

22 2 

92 5 

0 0366 

7 470 

1 758 

2k 

Bare 

22 2 

121 5 

0 0350 

7 345 

1 728 

25 

Cad Cov 

22 2 

136 3 

0 0346 

2 433 


26 

Bare 

22 2 

151 5 

0 0363 

7 264 

1 709 

27 

Cad Cov 

22 2 

166 8 

0 0375 

2 388 


28 

Bare 

22 2 

182 0 

0 0358 

7 149 

l 682 

29 

Bare 

22 2 

210 5 

0 0346 

7 374 

1 735 

30 

Cad Cov 

107 7 

151 5 

0 0351 

0 018 


31 

Cad Cov 

138 2 

151 5 

0 0379 

0 003 


32 

Cad Cov 

168 7 

151 5 

0 0359 

0 002 


33 

Bare 

0 0 

89 k 

0 0353 

10 875 

2 559 

31+ 

Bare 

0 0 

lb 9 

0 0363 

10 325 

2 429 

35 

Bare 

0 0 

59 6 

0 0365 

7 644 

1 799 

36 

Bare 

0 0 

kb 4 

0 0328 

4 915 

1 156 

37 

Bare 

0 0 

29 1 

0 0358 

3 063 

0 721 

38 

Bare 

0 0 

13 9 

0 0359 

1 499 

0 353 

39 

Bare 

0 0 

0 0 

0 0355 

0 209 

0 049 
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TABLE 9 5 


(Continued) 


Run 1192 








Foil 

Specific 

Foil 

Foil 

Module 


Radial Distance 

Degrees 

Weight 

Activity 

Number 

STS 

Number 

Stage 

From Center 

cw 

(gm) 

d/m/gm x 10~° 

4 o 

Cad Cov 

3 

8 

35 2 

45 

0 0360 

2 391 

111 

Cad Cov 

3 

8 

35 2 

135 

0 0370 

2 583 

42 

Cad Cov 

3 

8 

35 2 

225 

o 0365 

2 368 

43 

Cad Cov 

3 

8 

35 2 

315 

0 0368 

2 246 

44 

Cad Cov 

3 

9 

19 4 

45 

0 0365 

2 295 

45 

Cad Cov 

3 

9 

19 4 

135 

0 0365 

2 314 

46 

Cad Cov 

3 

9 

19 4 

225 

0 0375 

2 300 

47 

Cad Cov 

3 

9 

19 4 

315 

0 0338 

2 293 

Run 1192 











Radial Traverse 


Foil 

Specific 

Foil 

' Foil 



Distance From 

Degrees 

Weight 

Activity £ 

Number 

Type 

Radial 

Axial 

Module Center 

cw 

(gm) 

d/m/gm x 10“ 

48 

Cad Cov 



57 4 


0 0369 

2 35 

49 

Cad Cov 



79 5 


0 0342 

2 878 

50 

Cad Cov 



101 6 


0 0363 

2 124 

51 

Cad Cov 



123 7 


0 0367 

0 586 

52 

Cad Cov 



145 7 


0 0367 

0 092 

53 

Cad Cov 

100 1 

210 5 



0 0367 

1 023 

54 

Cad Cov 

115 3 

210 5 



0 0370 

0 340 

55 

Cad Cov 

130 5 

210 5 



0 0355 

0 093 
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TABLE 9 6 


Thermal Neutron Flux 
3-Module Reactor 


Location 





Radial 


Axial 


Thermal Neutron Flux 

(cm) 


( cm 

) 

(n 

i/cm2-sec- 

-•watt x 10“ b ) 

0 


89 

4 


5 

528 

0 


74 

9 


5 

855 

0 


59 

6 


4 

492 

0 


44 

4 


3 

oo4 

0 


29 

1 


1 

796 

0 


13 

9 


0 

889 

93 2 


151 

5 


4 

046 

107 7 


151 

5 


3 

161 

123 0 


151 

5 


2 

210 

138 2 


151 

5 


1 

499 

153 4 


151 

5 


0 

916 

168 7 


151 

5 


0 

386 



Radial Across Core 





Distance 

From 

Thermal Neutron Flux 



Module Center (cm) 

(n/cm 2 -sec-watt x 10“6) 



35 

3 


_ 





46 

3 


4 

201 



57 

4 


5 

279 



68 

4 


6 

518 



79 

5 


6 

470 



90 

5 


7 

393 



101 

6 


7 

231 



112 

6 


9 

030 



123 

7 


9 

593 



145 

8 


6 

146 

Circumferential - Module 3, Stage 

9 


Distance 

From 


Degrees 

Thermal Neutron Flux 

Module C ent er ( cm ) 


cw 

(n/cm^-sec-watt x 10" 6) 

19 

k 



0 


2 116 

19 

4 



45 


2 362 

19 

4 



90 


2 755 

19 

4 



135 


2 437 

19 

4 



180 


2 546 

19 

4 



225 


2 210 

19 

4 



270 


2 045 

19 

4 



315 


2 072 


180 







TABLE 9 6 

(Continued) 


Circumferential - 

Module 3, 

Stage 9 


Distance From 

Degrees 

Thermal Neutron Flux 

Module Center (cm 

) cw 

(n/cm^-sec-watt x 10 -t> ) 

35 2 


0 

3 154 

35 2 

45 

3 876 

35 2 

90 

3 993 

35-2 

135 

4 028 

35 2 

180 

3 570 

35 2 

225 

3 278 

35 2 

270 

3 018 

35 2 

315 

3 150 

Location 




Radial Axial 

Module 

Degrees 

Thermal Neutron Flux 

( cm) ( cm) 

Humber 


(n/cm 2 -sec-'watt x 10 - ^) 

4 6 151 5 

3 

300 

1 286 

22 6 151 5 

3 

300 

2 515 

46 151 5 

3 

120 

1 450 

22 6 151 5 

3 

120 

2 919 

19 4 151 5 

3 

120 

2 716 

35 2 151 5 

3 

120 

4 058 

19 4 151 5 

3 

300 

2 071 

35 2 151 5 

3 

300 

3 044 

Across Face at Separation Plane 

99 1 212 0 



2 741 

114 3 212 0 



2 331 

144 8 212 0 



1 581 


l8l 





TABLE 9 7 


Infinitely Dilute 
Gold Foil Cadmium Ratios 
3-Module Cavity Reactor 





Infinitely Dilute 


Location 


Foil Activity 


Radial 

Axial 


d/m/gm x 

10“ b 

Cadmium 

(cm) 

(cm) 


Bare Gold 

Cd Gold 

Ratio 

0 

89 H 


12 937 

3 756 

3 444 

0 

7 it 9 


11 458 

1 734 

6 608 

0 

59 6 


7 857 

0 397 

19 793 

0 

44 it 


5 064 

0 075 

67 203 

0 

29 1 


2 997 

0 014 

214 808 

0 

13 9 


1 479 

0 002 

628 904 

93 2 

151 5 


6 884 

0 165 

4l 807 

107 7 

151 5 


5 291 

0 042 

126 267 

123 0 

151 5 


3 685 

0 014 

262 006 

138 2 

151 5 


2 497 

0 007 

346 452 

153 4 

151 5 


1 521 

— 

— 

168 7 

151 5 


0 646 

0 005 

137 412 



Radial Across Core 






Distance From 
Module Center 






35 3 

11 356 







46 3 

12 4 60 

5 483 

2 272 



57 4 

15 688 

6 920 

2 267 



68 4 

17 630 

6 805 

2 591 



79 5 

19 123 

8 377 

2 283 



90 5 

17 167 

4 888 

3 512 



101 6 

18 074 

6 064 

2 981 



112 6 

16 364 

1 368 

11 964 



123 7 

17 688 

1 757 

10 069 



145 8 

10 487 

0 279 

37 635 

Circumferential - 

Module 3, Stage 9 

Infinitely Dilute 
Foil Activity 


Distance From 

Degrees 

d/m/gm x 

io- b 

Cadmium 

Module 

Center (cnr 

) cw 

Bare Gold 

Cd Gold 

Ratio 


19 b 

0 

8 597 

5 084 

1 691 


19 4 

45 

9 352 

5 429 

1 723 


19 4 

90 

10 094 

5 519 

1 829 


19 4 

135 

9 522 

5 474 

1 739 


19 4 

180 

9 529 

5 301 

1 798 


19 4 

225 

9 171 

5 502 

1 667 


182 






TABLE 9 7 
(Continued) 


Circumferential - Module 3- Stage 9 




Infinitely Dilute 




Foil Activity 


Distance From 

Degrees 

d/m/gm ic 

10-b 

Cadmium 

Module Center (cm) 

C¥ 

Bare Gold 

Cd Gold 

Ratio 

19 4 

270 

8 567 

5 172 

1 657 

19 4 

315 

8 699 

5 257 

1 655 

35 2 

0 

11 130 

5.891 

1 889 

35-2 

45 

11 755 

5 624 

2 090 

35 2 

90 

12 910 

6 278 

2 056 

35 2 

135 

12.835 

6 145 

2 089 

35 2 

180 

11 950 

6 021 

1 985 

35 2 

225 

11 046 

5 602 

1 971 

35 2 

270 

10 627 

5 615 

1 893 

35 2 

315 

10 563 

5 331 

1 981 


Infinitely Dilute 


Location Foil Activit; 


Radial 

Axial 

Module 

Degrees 

d/m/gm x 

10“ ( 

D 

Cadmium 

(cm) 

(cm) 

Number 

cv 

Bare Gold 

Cd 

Gold 

Ratio 

4 6 

151 5 

3 

300 

7 050 

4 

920 

1 433 

22 6 

151 5 

3 

300 

9 400 

5 

223 

1 800 

4 6 

151 5 

3 

120 

7 674 

5 

267 

1 457 

22 6 

151 5 

3 

120 

10 551 

5 

703 

1 850 

19 4 

151 5 

3 

120 

10 021 

5 

511 

1 818 

35 2 

151 5 

3 

120 

13 00 4 

6 

264 

2 076 

19 4 

151 5 

3 

300 

8 527 

5 

086 

1 676 

35 2 

151 5 

3 

300 

10 695 

5 

640 

1 896 



Across 

Face at 

Separation Plane 




99 1 

212 0 



6 978 

2 

425 

2 877 

il4 3 

212 0 



4 679 

0 

809 

5 786 

l4t 8 

212 0 



2 8U3 

0 

218 

13 071 
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£ 



Figure 9 1 Cross section view at separation plane of 3 module 
tank insert 
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( 5L 



Figure 9 3 Layout of fuel rings for 3 module reactor fuel element 
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on fuel stage separation discs of 
element 


l8? 















Percent rod worth withdrawn 



Ratiometer reading - digits (113 units/cm) 

Figure 9 5 Control rod shape curve - eight actuators 
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RELATIVE AXIAL POWER PER UNIT FUEL MASS 



AXIAL POSITION - CM 


Figure 9.7 Relative axial power distribution in module 3 , 30° 
at the core centerline, 3 module reactor with 0 53 
fuel to module radius ratio 
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RELATIVE AXIAL POWER PER UHIT FUEL MASS 



Figure 9 8 Relative axial power distribution m module 3; 120° at 
the core centerline , 3 module reactor with O .55 fuel 
to module radius ratio 
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RELATIVE axial power per unit fuel mass 



AXIAL POSITION - CM 


Figure 9 9 Relative axial power distribution m module 3? 300° 
at the core centerline^ 3 module reactor with 0 55 
fuel to module radius ratio 
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Relative radial power distribution 



Badial position from center of module - cm 


Figure 9 10 Relative radial power distribution m module 3 based 
on axial average power distributions - 3 module 
reactor with 0.55 fuel to module radius ratio 
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HEIAHVE AXIAL POWER PER UNIT FUEL MASS 



Figure 9 H Circumferential power distribution on outside fuel 
ring, stage 8, 3 module reactor with 0 55 fuel to 
module radius ratio 
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CATCHER FOIL CADMIUM RATIO 



CIRCUMEEREfTErAL (DEGREES CLOCKWISE) 


Figure 9.12 Circumferential catcher foil cadmium ratio on outside 
fuel ring, stage 8, 3 module reactor with 0 55 fuel 
to module radius ratio 
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Relative axial power per unit fuel mass 



Figure 9 13 Relative axial power distribution m the end reflector ^ 
3 module reactor with 0 55 fuel to module radius ratio 
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RELATIVE AXIAL POVIER MS UNIT FUEL liASS 




ve axial power distribution acroi 
le reactor with 0 55 fuel 


Figure 9.15 Relatt 
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CATCHER FOIL CADMOTf RATIO 



Figure 9. IT Axial distribution of catcher foil cadmium ratios 
through module 3j 30 °% 3 module reactor with 0 55 
fuel to module radius ratio 
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CATCHER FOIL CADMIUM RATIO 
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Figure 9 18 Axial distribution of catcher foil cadmium ratios 
through module 3* 120° ^ 3 module reactor with 0 55 
fuel to module radius ratio 
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RELATIVE BARE GOLD FOIL ACTIVITI 



Figure 9 20 Circumferential relative gold foil activity on outside 
fuel ring, stage 9 , 3-module reactor mth 0 55 fuel 
_to module radius ratio 
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RELATIVE BARE GOLD FOIL ACTIVITY 



Figure 9 21 Relative radial bare gold foil activity traverse out 

through DgO between modules 1 and 2 } 3 module reactor 

with 0.55 fuel to module radius ratio 
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RELATIVE BARE GOLD FOIL ACTIVITY 



Figure 9.22 Relative bare gold foil activity in the end and radial 
reflectors, 3 module reactor with 0 55 fuel to module 
radius ratio 



Figure 9*23 Relative bare gold foil activity in module 3 ^ 120% 

3 module reactor "with 0.55 fuel to module radius ratio 
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Figure 9 2h Relative tare gold foil activity m module 3, 300° > 

3 module reactor with 0 55 fuel to module radius ratio 
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RADIAL DISTANCE FROM AXIS - CM 


Figure 9.25 Radial distribution of thermal neutron flux through core and radial reflector 
3-module reactor with 0 55 fuel to module radius ratio 
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DISCUSSION OF RESULTS 


The critical mass variations for the four different seven- 
module configurations were unexpectedly relatively insensitive to the 
radius ratio of the fuel within the modules These and other major 
results are summarized in Thble 10 1. It is especially interesting to 
note the critical mass vs radius effects of these module configurations 
compared to that of a single large cavity. Figure 10 1 shows this vari- 
ation for the three experimental cylindrical cavity reactors that have 
been measured: 

(1) this module experiment 

(2) the six foot single cavity experiment m Idaho, 
the reflector tank from which was used m the 
module experiment 

(3) the Los Alamos kO-mch cavity, measurements made 
about I960 

These curves show a striking difference between the limiting conditions 
for the two principal types of reactors, single and multiple cavities 
The minimum radius ratio for which the critical mass becomes excessive 
is lower for the module or multiple cavity system The flatter curve 
of the module reactor is m part caused by the presence of hydrogen, which 
was not included m the two sets of single cavity experimental results 
shown. 


The fuel worth of uniform changes m fuel density was meas- 
ured on all configurations In Figure 10 2 these results are plotted vs 
fuel mass m the reactor and compared with the results obtained with the 
single large cavity configurations The results all lie virtually on the 
same curve Rote the solid curve (Kef 4, page 50 ), actually has a spread 
of ±10$ for some reactor configurations But the general applicability 
and hence usefulness of this curve on all cavity reactors of the same 
general overall size is readily apparent 

The penalty for hydrogen m these modular systems is not 
significantly different from the penalty measured m the single cavity 
concept (Reference 2, p 252 and Reference k) The hydrogen penalty is 
approximately 2 l$Xk/kg of hydrogen, averaged throughout the void region 
In the large single cavity experiments, hydrogen nearer the fuel had a 
worse penalty (factor of 2.5) than that near the cavity wall (Reference 
2, p 252 and 358) The same variation of worth m the cavity might be 
anticipated m this module experiment The measurement was not made 
because the hydrogen thickness was so small as to make a reliable measure- 
ment very difficult if not impossible The variation is believed to be 
caused by molecular binding effects which allows the hydrogen to scatter 
isotropically at thermal energies, thus effectively scatter-returning 
those neutron traveling from the core to the reflector At operating 
temperatures of 4- or 5000°K, molecular binding would not exist, and such 
a position dependence is not expected to be as strong an effect as m this 
low temperature experiment. 
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The simulation of hydrogen with polyethylene and polystyrene 
is realistic, since the carbon content represents only about 10$ of the 
total worth of CEP, and 20$ of CH (p 2 51 of Ref. 2) The materials used 
had adequate purity, containing no high cross section impurities m con- 
centrations greater than a few ppm, A chlorine compound gas is used m 
some processes for expanding styrofoam, but the material was analyzed 
for residual trapped chlorine and none was found 

The penalty of the exhaust nozzle opening was worse on the 
seven module configuration than on any of the other conf igurations, 
including the single large cavities The highly effective fuel of the 
center module was directly affected by this nozzle hole However, this 
penalty of 1 15$^k for the seven module configuration was not severe com- 
pared to the penalty of hydrogen or cavity wall lining material There- 
fore, the nozzle design need not he considered especially important for 
the nuclear characteristics provided the same considerations are given 
to material selections as are done for the cavity wall 

The walls of the cavities present one of the most difficult 
design problems for the cavity reactor The walls must he able to with- 
stand ultra-high temperatures, very high pressures, and also he nuclearly 
thin. The trails in the present module experiments are exceedingly thin, 

0 32 cm of aluminum, only 0 005 thermal absorption mean free paths Such 
trails are quite unrealistic for the actual high temperature application 
For this reason the effect of thicker trails was evaluated on the 0 38 
radius ratio, 7-module configuration. Stainless steel 0 125 cm thick, 
representing 0 038 thermal mean free paths was added to the aluminum 
trails Extrapolated to all seven modules, the penalty was 28$lk With 
the use of Figure 10.2, it can readily be seen that this penalty would 
have required quadrupling the critical mass from 10 2 to 43 kg of uranium 
Stainless steel 0.125 cm thick is equivalent to 4 5 cm thickness of zir- 
calloy, so this value of nuclear thickness (0 038 plus 0 005=0.043 mean 
free paths) is probably a pessimistic estimate of what would he required 
nevertheless, the severe penalties paid for neutron absorption on the 
walls of the cavity show that the wall is one of the most important and 
sensitive areas of the reactor design. 

Flux and power distributions were extensively measured on 
all configurations Very large thermal flux peaking occurs m the 
regions between modules and m the reflector surrounding the modules 
If structural supports are needed m the reactor, these areas should be 
avoided However, a thorough analysis of the optimum location for 
structural members requires knowledge of the adjoint flux Calculated 
shapes for the adjoint flux and statistical weight may be found in. 

Ref. 5, page 6 1 

Power distributions on the module reactors did not show a 
self -shielding effect large enough to be of great significance to thermo- 
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dynamic considerations on any but the 0 38 radius ratio configurations. 
The peak to minimum radial power ratio for the configurations is listed 
below: 


7 -Module Configurations 3-Mbdule 

s/Rq 0,55 "with H 0,72 with E O .38 with H 0 38 no H 0 55 with H 
Edge/center 

Power 1 20 1 13 1 50 1 2k 1 17 

The measured flux distributions on some of the configurat- 
ions showed unusual dips at the cavity walls and at the outer wall of 
the module tank These were assumed to be the result of flux perturbation 
m the moderator by the aluminum Since adequate detail (resolution) 
was not obtained m these experiments, a supplementary flux perturbation 
experiment was performed later in an equivalent environment (heavy water 
reflector of a gas core reactor) The results are shown m Figure 10 3 
Approximately a 10$ flux perturbation resulted from l/2-inch thick aluminum, 
which was the net thickness of the outer wall of the module tank plus the 
inner wall of the reflector tank The same magnitude of flux perturbation 
would have shown on Figures 5 32, 6 15, 7 10 and 8 10 if sufficient 
detail had been obtained on the curves. 

10.1 Effects on Cavity Reactor Operating Characteristics at Power 


The principal fuel loading and reactivity results measured 
on the five configurations of the module concept are summarized m the 
foregoing discussion Though critical mass results themselves are 
ostensibly the most significant piece of data, it should be cautioned 
that an even more important parameter to the cavity reactor concept is 
the cavity pressure. Thus low critical masses will have little merit 
if they are confined m so small a volume that the gas pressure would 
be excessive under operating conditions. 

In order to view the relative advantages of the various 
module arrangements, it is appropriate to adjust them all to equivalent 
structural and hydrogen coolant configurations, and then to compare the 
results m terms of the relative cavity pressures created by that critical 
mass at operating temperatures of the order of 80 , 000 °E for the fuel 

Tn Thble 10 2 are shown comparisons between the directly 
measured characteristics of the three principal configurations of this 
experiment, tiro 7-module cases and one 3 _mo '3-' u l e case, and the nearest 
applicable single large cavity configuration, that performed with UFg 
fuel m a radius ratio core of 0 6 7 (Reference 3 , page 119) To this 
configuration was added the effect of hydrogen (Reference 2, p 251 and 
Reference 4, p To). All configurations were then corrected to the same 
amounts of structural aluminum within the core region, which, m the 
case of the module configurations included the mass of module tank as 
well as that of the fuel elements. The corrected critical masses for 
these configurations is then given at the bottom of Table 10.2. Rote, 
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this is with 1.23x10 atoms/cc of hydrogen m the hydrogen regions 
of each configuration However, the total quantities of hydrogen m 
these configurations differ significantly, amounting to a factor of 2 5 
times more hydrogen m a single module configuration than is m the 
7-module configuration 

In order to make a better comparison, the 0 67 radius ratio 
of the single module configuration should be converted to 0 55 and 0 72 
radius ratio This can be done using Figure 10 1, and yielding the 
following results* 

0 55 radius ratio 0 72 radius ratio 

Critical mass (kg) u/ cc Critical mass (kg) u/cc 


Single module 

27 

8 2x10 1 9 

21 

3 8xl0 1 9 

3-module 

12 2 

7 3xl0 19 

— 

— 

7-module 

8.6 

5.3xl0 19 

8.2 

2 9xl0 19 


In the above configurations, for convenience the hydrogen m each was 
taken as occupying the volume from 0.72 to 1 0 radius ratio If the 
hydrogen filled out the rest of the volume at 1 23xl0 21 H/cc m the 0 55 
radius ratio cases, the critical masses would increase for these config- 
urations The changes would be approximately a 0 3 kg increase for the 
7 module configuration and a 6 kg increase for the single module config- 
uration. So as to provide approximate calibration points for the atom 
densities discussed above, atomic hydrogen at 5500°K, assumed not to be 
ionized and at an atom density of 1 23xl0 21 h/cc, is at approximately 
900 atmospheres of pressure Uranium gas at a temperature of 45,000°K, , 

is at 900 atmospheres when its atom density is approximately 4 5xlO' 1 ' 9 ^O/ 
Thus it appears that at 900 atmospheres, the stable operating configuration 
for either the single, 3-module, or 7-module systems is with a fuel 
radius ratio m the 0 60 to 0.70 range. 


The above comparisons of the sheet fuel module configurations 
with the UFg gas-core single cavity configurations raises the question of 
how well the sheet fuel simulated a gas 9 The arrangement of the foils 
essentially eliminated all streaming paths that could not encounter fuel 
It is felt that the arrangement utilized m these module experiments was 
at least as valid a, simulation of a gas as was Mockup =$£ of the single 
cavity experiments '3) This latter sheet fuel configuration had a meas- 
ured bias of a b^o higher critical mass than existed m the all-gas cores 
The same bias might be used as an expected bias value for the module 
experiments 


10 2 Calculations 

The difficulty of doing reliable calculations on the modular 
configurations limited the amount of analytical correlation performed with 
this experiment. Major compromises are required to even reduce the reactor 
configuration problem to two dimensions Because of these complexities, 
a synthesis approach was used to predict the critical mass so that the 
fuel elements could be preloaded to a value that would, hopefully, not 
require complete disassembly and reloading to complete the experiment 
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A 19 -energy group one dimensional diffusion code -was used It had been 
extensively calibrated for bias using the single large cavity experiments 
Preliminary calculations were made using the mean- chord-length concept 
( ) to obtain estimated thermal flux depression factors m the fuel 

modules. Then several calculations were performed to obtain an expected 
range for the critical loading Over this range, a number of cell calcu- 
lations were performed, taking the radius of the 7 -module cell as 38 era 
and the 3-module cell as 50 cm These cell radii were chosen as the 
approximate mean radius at which the gradient of the flux was zero. 

Using the cell calculations, the "cell correction factors" 
for fuel absorption relative to moderator flux were obtained and used m 
the overall reactor calculation. The critical masses predicted by this 
method were as follows and are compared with the measured critical masses 
with the exhaust nozzle plugged: 

7-Module 3-Moflule 

0.55 Radius Ratio O .55 Ra&ius Ratio 

with Hydrogen with Hydrogen 

Predicted 7.7 kg 13 kg 

Measured 8 3 kg 11 kg 

This method of calculating these reactors was more successful on the 
7 -module configuration, principally because it was more realistic to 
define a "cell "for this configuration than for the 3 -module configuration 
Ifo calculations were performed on the other configurations since pre- 
analysis was obtained by extrapolation of measurements on the previous 
conf iguration( s ) . 
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HABILE 10 1 


Principal Results from the Five Different Modular Configurations 



7-Modules 
0 55 R/R 0 
No Hydrogen 

7-Modules 
0 55 R/R 0 
With Hydrogen 

7-Modules 
0 72 R/R 0 
With Hydrogen 

7-Modules 
0 38 R/R 0 
With Hydrogen 

Critical Mass (nozzle plug out) 
kg of U 

7 97 

8 6k 

8 01 

10 16 

Worth of Fuel (core average) 
% Ak/kg 

3 95 

3 93 

k 08 

2 87 

Nozzle Plug 
Worth 

H Atom Density 
CH Worth 
% Sk/kg 

-1 15 + 0 09 

% Ak 

1 23 x 10 21 atoms/cc from 0 
-0 ltl + 0 10 

72 R/R q 


CH Worth 

(Complete Removal) 

Stainless Steel Liner Worth 

— 

-0 11 + 0 02 
-o 096+ 0 Oil 

(0 125 cm thick) 

— 

-0 2k% Ak/kg 

Aluminum Worth 


-0 03 % Ak/kg m 

cores of all 

configurations 


-2 Q0% Ak m 21 rods 
-3 93% Ak m 30 rods 


3-Modules 
0 55 K/R 0 
With Hydrogen 

11 5 


1 65 


-0 kS + 0 03 
% Ak 

1 33 x 10 21 


Control Rod Worth 



TABIiE 10 2 


Comparisons of 1-, 3- and 7-Module Configurations 
(All Use Same Reflector Bank) 



7-Module 

7-Module 

3-Module 

1-Module 


0 55 R/Eo 

0 72 R/Ro 

0 55 R/Rn 

0 67 R/Rn 

Measured Critical Mass (kg of U) 

8 64 

8 01 

11 5 

16 21 

Uranium Atom Density U/cc 
Volume Occupied "by Hydrogen (cm ; 

5.27 x 10 19 

2 84 x 10 19 

6 84 x lo 19 

3 27 X 10 19 

(From 0 72 to 1 0 R/R Q ) 

6 37 x 10 5 

6 37 x 10 5 

8 18 x io5 

15 44 X 10 5 

H Atom Density 

1 23 x 10 21 

1 23 x 10 21 

1 33 x 10 21 

0 

Total H Atoms 

7 83 x 10 26 

7 83 x 10 26 

10 88 x 10 26 

0 

Correction to 1 23 x 10 23 - H/ec 

0 

0 

+0 29% Ak 

-5 b% Ak 

Aluminum Mass Inside Reflector (kg) 

271 6 

291 8 

216 8 

245 

Correction to 272 kg 

0 

-0 60% Ak 

+1 7% Ak 

-0 Q% Ak 

Total Correction {% Ak) 

0 

-0 60% Ak 

+2 0% Ak 

-6 2% Ak 

(kg of U) 


+0 15 kg 

-0 69 kg 

+6 2 kg 

Corrected Critical Mass* 

8 64 kg 

8 24 kg 

12 2 kg 

22 4 kg 

Corrected U Density/cc 

5 3 x 10 19 

2 9 X 10 39 

7 3 x 10 19 

4 5 x 10 19 

Total Atoms of Hydrogen 

^Corrected to 271 6 kg of aluminum and 1 23 

7 8 x 10 26 
x 10 23_ H fee 

7 8 x 10 26 

10 1 x 10 26 

19 x 10 26 




£ - Fuel Radius as Fraction of Cavity Radius 


Figure 10 1 Experimental Relationship between Fuel Mass and 
Fuel Radius as Fraction of Cavity Radius 
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Fuel Worth ( ^Ak/kg ) 



Figure 10 2 Comparison of Fuel Worth vs Fuel Loading for 

Two Configurations 
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Distance from center of 1/2-mch aluminum plate (cm) 


Figure 10 3 Flux-Perturbation Effect of l/2-mch thick Aluminum 
Plate m DgO Reflector of Cavity Reactor 
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CONCLUSIONS 


The modular cavity reactor critical experiments showed 
substantially lower critical masses than obtained with single cavities 
built within the same sized reflector systems However, this "equivalent" 
single cavity contained 2 l/2 times as much propellant and had only a 
35 to 5 0$ higher plasma pressure (uranium atom density) The various 
conclusions are summarized below 

1 Critical masses of 7-module configurations were approximately 
l/3 to l/2 of the critical masses of the "equivalent" single 
cavity system 

2 Cavity pressures (uranium atom densities), however, did not 
show as large a difference They were only 2/3 to 3 A- of that 
of the equivalent single cavity system. 

3 The 3-module results fell relatively uniformly between the 
results of the 7-module and single cavity systems 

4. The 7-module system could be operated (as a thermal reactor) 
down to lower fuel to cavity radius ratios than could the 
single cavity system However, the lower limit of the radius 
ratio would be the practical limit of cavity pressure 

5 . The penalty paid for neutron absorption m the cavity walls is 
somewhat more severe m the seven module system than m the 
single module system, but then the smaller cavity size would 
not require as thick a wall to contain the pressure in the 
7-module system 

6 Except m the low fuel/cavity radius ratios (0 38 ), the module 
systems had very little fuel self shielding, and peak to minimum 
flux ratios (radially only) were usually 1 25 or less 

7 The penalty paid per kg of hydrogen coolant appears to be 
essentially the same in the 7-module and the single cavity 
configurations , 

8. The exhaust nozzle was worth the most when directly along the 
axis of one of the cavities Still, its reactivity penalty 
was not severe (-^ 15 te). 


* 

As shown m Ref 10, the pressure of the uranium plasma is directly pro- 
portional to the density of the uranium m the range of interest and for 
constant temperature This implies a constant compressibility factor 
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Hhese experiments did not investigate the effect of varia- 
tions m interstitial moderator between modules, and thus it is not known 
if a more optimum module spacing can be achieved Neither was there an 
experiment on a single cavity of a size that would have nominally the same 
fuel and hydrogen volumes as that of the 7 and 3-module configurations 
Hie single cavity system used for comparison was the one that fit into 
the same sized external reflector It had 2 l/2 times the hydrogen 
volume and three times the fuel volume of the modular configurations 
Hie comparisons thus made are open to questions of interpretation 
Hie aluminum structure, though corrected to the same mass for all 
configurations, was generally in a slightly higher worth location m 
the modular configurations However, it is believed that the above 
listed conclusions are valid even when considering such uncertainties 
as these Future investigations should probably be concerned with 
optimizing the module size and spacing and obtaining data to make a 
comparison with a single cavity system of the same small hydrogen 
(and fuel) volumes 
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